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Electric Motor Enemy No. 3 
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Electric Motor Enemy No. 6 
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AX NINE electric motor enemies are present and ac- 
counted for in Allis-Chalmers’ new “Guide to 
Wartime Care of Electric Motors.’ Streamlined instruc- 
tions and story-telling pictures describe what they are, 
where they're found, how to fight them. 

Designed for wartime U. S. industry, “Guide to War- 


time Care of Electric Motors” has aroused such world- 


wide demand that Spanish and Portuguese editions are 
now printing! 

You'll find this valuable new handbook ideal both for 
training new men and “brushing up” old hands. It con- 
tains no advertising. Write today for your free copy of this 
tremendously successful handbook to ALLIS-CHALMERS 
Mec. Co., MILWAUKEE, WISCONSIN. A 1625 





When you do need new motors, look 
into the strength, solidity and all-around 
protection of the new “Safety Circle’’— 
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protected top, sides, ends and bottom. 
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Classified for Convenience when Studying Specific Design Problems 


Design Calculations: : Bellows, Adv. 54, 55 

138 Belts, Adv. 53, 69 
Brushes, Adv. 222 
Cast parts, Adv. 56, 81, 90, 145, 160 
Chains, Adv. 30, 42, 44, 46, 183, 203 


Cone pulleys for belt drives, Edit. 137, 


Design Problems: 


| ffec alloyi slemenis, Edit. 109, ), 
non _ of alloying elements, Edit. 109, 110, 111, Chistes, dae, 08 
wn di -de » hi —— ‘ Controls (electrical), Edit. 146, 148, 154, 158, 164, 196, 
i pee § ee 6 Te apnea Satine, ee. 198; Adv. 28, 57, 61, 65, 74, 79, 91, 182, 185, 216, 295: 
2, 1 
Plywood structures, design considerations, Edit. 115, 116. 240, BC f : 
117, 118, 119, 208 Counters, Adv. 218, 238 


Powder iron, engineering aspects, Edit. 130, 131, 132, 133 Couplings, Adv. 196 


Standard parts in design, Edit. 98, 99, 100 Electrical accessories, Edit. 160; Adv. 23, 176 
Stress concentration factors in practical design, Edit. 104, Engines, Adv. 162 
105, 106, 107, 108 Fastenings, Edit. 146, 158; Adv. 36, 49, 52, 70, 80, 177, 


Vibration isolation in war machines, Edit. 124, 125, 126, 190, 197, 210, 228, 235, 246, 252 





127, 128, 129, 204, 206 Filters, Adv. 10, 76, 77, 234 
Wheels and casters, selection, Edit. 120, 121, 122, 123 Fittings, Adv. 45, 71, 73, 154, 194, 222 
Forgings, Adv. 31, 85, 86, 228 
Finishes: Gears, Adv. 66, 92, 157, 163, 210, 213, 224, 228, 236, 239, 
249 
ao ag gg Heating units, Adv. 156 
Wrinkle, Edit. 160; Adv. 188 Hose, Adv. 185, 186, 208, 230 
Hydraulic equipment, Adv. 9, 75, 95, 155, 165, 179, 198, 
Management and Equipment: 244, 2 
Engineering department, Edit. 166; Adv. 16, 48, 89, 150, Labels, Edit. 160 
158, 170, 173, 175, 178, 181, 192, 206, 227, 234, 240, 243, Lights, Edit. 164; Adv. 202 
247 Lubrication and lubricating equipment, Adv. 33, 236 
Materials: Metal parts, Adv. 6, 164 
Motors, Edit. 154; Adv, IFC, 1, 17, 18, 19, 20, 83, 87, 96, 
Alloys (aluminum), Adv. 151, 152, 189, 205, 214, 227, 230, 241, 242 
Alloys (magnesium), relly a 153 Mountings (rubber), Adv. 11 
Alloys (nickel), Adv. 47, 58 Plastic moldings, Edit. 102, 103, 164, 192, 194, 196, 200, 
Alloys (steel), Adv. 59, 143, 184, 217 202, 204; Adv. 29, 32, 43 
Bimetal, Adv. 227 Pneumatic equipment, Adv. 171, 201, 221, 224, 226, 230 
Bronze, Adv. 180 Pulleys, Edit. 137, 188; Adv. 67, 82 
Ceramics, Adv. 209 Pumps, Edit. 146; Adv. 93, 206, 212, 216, 226 
Cork, Adv. 199 Seals, packings, Adv. 2, 14, 15, 51, 147, 225 
Felt, Adv. 72, 168, 204 Shafts (flexible), Adv. 68, 225 
Glass, Adv. 99 Sheet metal parts, Adv. 148, 211, 238 


Indium, Adv. 140 Speed reducers, Adv. 234, 245, 251 

Plastics, Adv. 25, 78, 169 Springs, Adv. 40, 142, 144, 174, 212, 232 
Plywood, Adv, 21 Stampings, Adv. 26, 27, 214 

Powder metal, Edit. 130, 131, 132, 133 Transmissions, Edit. 146; Adv. 7, 34, 35, 222 


Rubber and synthetics, Adv. 24, 159, 237 Tubing, Adv. 172, 191, 207, 215 
Steel, Adv. 37. 84 Valves, Edit. 162; Adv. 223, 226, 241 

Welded parts and equipment, Edit. 100; Adv. 13, 161, 187, 
Mechanisms; 250 


Driving, Edit. 176, 178, 180 Wheels, Edit. 120, 121, 122, 123, 162 





Hydraulic : ” ‘ 

ydraulic, Edit. 178. 180, 182 —_—— 

Parts: Gaging, Adv. 202 
Balls, Ady. 232, 241 Hardening, Adv. 62 
Bearings, Adv. 4, 8, 12, 39, 41, 64, 67, 88, 139, 141, 149, Testing, Edit. 102 

167, 193, 200, 299. 233 Tools, Adv. 166, 232 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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PROBABLY WE MAKE IT 
Grake Shoe MAKES PARTS for original equipment 


and for maintenance; parts that are upset and drop forged; 
molded fabrics and plastics; ferrous and non-ferrous cast- 
ings. In war, as in peace, Brake Shoe ships millions of parts 
to thousands of manufacturers, in many fields of industry. 

The services of our research and development engineers 
are available for immediate or post-war problems. 


AmERICAN Boake SHoe Company, 230 Park Avenue, New York, N. Y. 
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58 PLANTS SERVING INDUSTRY AND TRANSPORTATION 











American Brakeblok Division................. Detroit, Mich. 

Ramapo Ajax Division...................... New Yerk City Air compressors. Car washers. Brake 
American Manganese Steel Division... . . .Chicago Heights, Ill. lining, fan belts, clutch facing, radi- 
Brake Shoe and Castings Division............ New York City eer See, Gane 
eee eee Rochester, N. Y. 

American Forge Division. ..................... Chicago, Ill. 

Southern Wheel Division.................... New York City 

National Bearing Metals Corp................. St. Louis, Mo. 
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ye list of things that an R & M Moyno can suc- 
cessfully pump is amazing. Such materials as molten 
resin, vitreous enamel, glucose, gun-boring coolants, 
propane gas, liquid carbon dioxide—the Moyno takes 
them in its stride. Virtually any abrasive or any heavy 
viscous liquid that can flow through a pipe, is moved 
faster and more economically with the Moyno. 


In one war industry a single Moyno Pump is replac- 
ing two other pumps that cost ten times as much—and 
the Moyno is doing a far better job. In another war 
plant a Moyno has made possible a boring 
speed many times faster than ever before at- 
tained. Performances of this nature are com- 


ONLY 1 MOVING PART! 


Here’s the patented principle of the R & M 
“°yno Pump’s amazing performance. A 
Single-threaded helical rotor revolves within 
‘double-threaded helical stator, providing 
Pumping action like that of a piston mov- 
ng through a cylinder of infinite length. 
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R & M Moyno Pump in the 
B. G. plant. Wm. G. Heil- 
mann, Jr., inspecting the in- 
stallation. 


mon in plants where Moyno Pumps are used. 


There is no piston or valve wear with a Moyno—be- 
cause Moyno has no pistons or valves. Cavitation and 
pulsation are eliminated—because the exclusive 
Moyno principle produces a flow that is constant and 
uniform. And the compact design is so simple that an 
installation can be completely dismantled and reas- 
sembled in 30 minutes. 

If you have a pumping problem, don’t fail to get the 
full facts about the R & M Moyno. Write us, stating 
your particular problem, and we will tell you how 
the Moyno can serve you. 


ROBBINS « MYERS « Inc. 
MOYNO PUMP DIVISION SPRINGFIELD, OHIO 
In Canada: Robbins & Myers Co. of Canada, Ltd., Brantford, Ont. 


HOISTS * CRANES » MOTORS * MACHINE DRIVES + FANS + FOUNDED 1878 
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IDGET 

SEARC H- 
LIGHTS — only as 
big as a walnut yet so 
powerful they will 
project a 1500-can- 
dlepower beam _ vis- 
ible tor 60 nautical 
miles—have_ recently 
been designed to aid 





rescues of aviators 
forced down at sew. 
The new lamp pro- 
vides the most power- 
ful beam ever ob- 
tained from such a 
tiny incandescent 
source. The unit has a molded plastic case and dome 
making it low in weight, a necessary factor inasmuch 
as the light is worn on the head to enable the man 
to have both hands free in rough weather. The six- 
watt lamps are wired to a small hand-cranked gen- 
erator which is included in the raft equipment to sup- 
ply power for a radio. The lamps can also be Hashed 
as signal lamps by means of a “trigger switch.” 


PLASTIC BAYONETS are a new development of the 
Navy designed for drill and parade ground use, re- 
leasing thousands of steel bayonets for service on the 
fighting fronts. Molded from highly impact-resistant 
phenolic resin board, the bayonet blades with metal 
insert handles are being produced in a two-cavity com- 
pression mold. 


NYLON TIRES, while still in an experimental stage 
with some problems remaining to be solved, meet the 
most severe form of the standard bruise test without 
breaking. This test involves pushing a blunt cone- 
shaped plunger down upon the tread of an inflated 
tire until it bursts. On a regular 9-inch tire the plunger 
had sunk six inches before bursting occurred, while on 
a similar nylon tire the plunger was forced inside the 
tread clear to the rim without breaking the tire; when 
withdrawn, the tire sprang back without injury. 


RECENTLY REVEALED but “time tried,” accord- 
ing to the company, is a successful hot-dip process ot 
coating iron and steel parts with lead, conserving 
scarce zinc normally used for these coatings. 


“SYNTHETIC LUMBER?” is now being produced 
from gypsum rock for planks, wallboards, exteriot 
boards and panels of many types. 


A TREMENDOUS JOB of conversion to the manu- 
facture of war materials has been faced due to our 
aid to the United Nations and our subsequent active 











entry into the war. 
This conversion pro- 
gram involved, tor ip- 
stance, redesign of 
thousands of parts to 
make possible _ their 
production by _ the 
economical, — speedy, 
stamped metal proc- 
esses that had been 
successtully used in 
producing civilian 
goods. _ Because_ it 
was felt that only by 
united 
change of data, and 
pooling of experience 
could maximum results be obtained, the Pressed 
Metals Institute was organized by sixty representatives 
of sheet and strip metal fabricators, rolling mills and 
metal press manufacturers serving the industry. Ob- 
jectives are to co-operate closely with appropriate gov- 
ernment departments to speed up and increase mass 
production of war materials, and to engage in research 
to develop new and extended uses tor metal stampings 
in the postwar period. 


effort, — ex- 


KOK-SAGHYZ, the Russian rubber-producing dan- 
delion, is now in experimental stages in the United 
States. On government-owned land acres of the dande- 
lion have been planted. The main objective is to secure 
the seed, although a small portion of the crop may be 
harvested and subjected to experimental processing for 
the extraction of rubber. Planting of seeds received 
direct from Russia has indicated a yield of 50 pounds 
of rubber per acre. Advantage of the dandelion over 
other rubber-producing plants is that it can be harvested 
and processed in a single year. 


SPLIT-SECOND TIMING in processing plants such 
as those producing synthetic rubber, aviation gasoline, 
and toluene for explosives, is done by a “robot” con- 
trol which opens and closes dozens of valves—another 
example of automaticity as a vital war aid. 


REPLACING RUSSIA’S war-damaged power facili- 
ties in small war plants behind the lines with a large 
number of small diesel engine-driven electric generat- 
ing units is a part of America’s lend-lease program. 
Recently completed was a delivery of a $4,000,000 or- 
der for diesel engines which represent a new develop- 
ment in the supercharged two-cycle field. 


PLASTICS PRODUCTION is growing more rapidly 
on the West Coast than in any other part of the country. 
It has increased more than 500 per cent during the 
past two years, with military aircraft producers being 
the largest consumers. More than 200 parts go into 
an average ship. 
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By Colin Carmichael 


=. from regimentation in design as well as 
in other fields of endeavor is one of the prerogatives 

to which our nation’s designers will cling, come what 
Because of it the designs of our war machines 
ot been “frozen” to the same extent as those of our 
‘otalitarian enemies and we have been able constantly to 
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PRAISE THE LORD! 
AND GIVE US | 


STANDARDIZATION! 


Cartoon, courtesy Adel Precision Products Corp. 


Specify Staudard Parts! 


improve the qualitative superiority of our fighting equip- 
ment. With manpower and other resources of the op- 
posing nations more evenly matched than some of us 
realize, speedy victory depends largely on maintaining 
and increasing our technical Jead. 

Zeal for improvement, however, must not be permitted 
to create a demand for complete design flexibility down 
to the smallest detail, lest we find ourselves left behind 
through diminished production and inefficient utilization 
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of resources. Freedom in design does not imply inde- 
pendent action without regard to the rights of others or 
to the national welfare, but carries with it an obligation 
to consider the mutual advantages of cooperative ettort. 

Recognition of these advantages already has brought 
substantial benefits to the design field in the form of 
standardized machine elements not only on a commer- 
cial scale but also on an industrial, national and even in- 
ternational scale. In the formulation or adoption of of- 
ficially recognized standards the individual designer as 
a rule, can exercise only an indirect influence. However, 
in the encouragement of commercial standards through 
intelligent adoption, wherever possible, of generally avail- 
able commercial machine parts he can make a real con- 
tribution toward conserving and exploiting to the full our 
resources in manpower and production. Such standard 
parts may be defined as components which, though not 
recognized by any industrial, national or international 
standardizing agency, are manufactured in such quanti- 
ties and are so readily available commercially that in ef- 
fect they possess most of the advantages of official stand- 
ards. 

Many machines, standard or special, are little more 
than ingenious assemblies of basic parts arranged in a 
particular manner. In one type of equipment, for ex- 
ample, where a conscious effort was made to utilize stock 
parts it was found possible to cover a wide range of sizes 
and styles using 90 per cent stock items, somewhat in the 
manner of an “erector set”. Practical considerations of 
strength, inertia, thermal loads, etc., however, limit the 
application of this principle so far as most machines are 
concerned. 

Advantages to the user and service man of employing 
such standard parts are obvious and the benefits enjoyed 
by the manufacturer are equally great. If one part can be 
made to serve where two were formerly required, the 
higher production rate enables better quality and greater 
uniformity to be obtained at the same or lower cost. 
The problem of stocks also is simplified, helping to re- 
duce shipment times, idle inventories, clerical records and 
manpower. 

Progressive companies recognize that good design of a 
line of machines requires standardization of elements and 
details so that the maximum variety of complete machines 
can be assembled from the fewest possible variety of 
parts. In order that no important advantages be over- 


Fig. 1—Standardization on center distances for the gears 
enabled identical gear sets to be used in single-reduction 
(left) and double-reduction (right) units 
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looked, a systematic approach is essential. It is the prac. 
tice of the General Electric Co. to consider the following 
chief steps in addition to other considerations: : 

“First, the features common to all parts of a given type 
are agreed upon, including styling, finishes, tolerances, ma. 
terials, and processes, so that in all shop drawings and 
shop operations as few differences as possible will exis 
For example, in making bearings for small turbines , 
single drawing is made with details common to all size; 
filled in and blanks left for the major dimensions. Whey 
any new bearing is required, filling in the blanks gives , 
drawing that departs the least possible from bearings 
already made. 


Uses Preferred Numbers for Sizes 


“Second, in laying out a line of machines, the preferred 
number principle is used to select the fewest possible 
number of sizes to cover the desired range. Often alter. 
nate sizes only will be kept in stock and the intermediate 
sizes will be made when required. This plan allows new 
designs to be added without disturbing the general plan 
of standardization. 

“Finally, the completed machines are designed so far 
as possible to have a basic frame or skeleton suitable for 
a wide range of applications, with designs such that 
special parts or finishes can be added to suit the different 
service requirements. In other words, each different 
field of service is provided for by adding or changing 
parts or protective features rather than by changing the 
basic designs.” 

A typical example of modern design in which full con- 
sideration was given to the standardization of parts is 
found in the recently developed line of Westinghouse 
gearmotors, Fig. 1. In the previous line there were listed 
27 sizes of gearcases with 38 output speeds involving 27 
different ratios for each horsepower rating and requiring 
361 different sets of gears. A.G.M.A. standardization of 
output speeds alone effected a reduction in the number 
of gear sets to 246. Then by standardizing center dis- 
tances it was possible to reduce the total number of gear 
sets to only 147. This was accomplished by redesigning 
the various types of units in such a way that the gearing 
for a certain center distance in a single reduction unit 
could be used also as the high-speed set, for example, in 
a double-reduction unit having the same center distance, 
Fig. 1. 

In adopting standard components for incorporation i 
machines the designer has the choice of making up @ 
“company standard” or of investigating commercial 
sources of supply of parts such as will be needed. The 
“company standard” parts may be made in the machinery 
manufacturer's own shops or may be bought to special 
order. A little reflection leads to the conclusion that this 
so-called company standard is no standard at all except 
in the few cases where the number of units needed is &* 
ceedingly large. Production rates cannot be as high as 
with commercial standard parts already being made and 
supplied to other users. Unnecessary duplication of wal 
time production facilities ties up machines which could 
well be released for other work. 

Extensive utilization of standard commercial parts m4 
not appeal strongly to the designer's creative instincts. 
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Fig. 2—In addition to stand- 
ard commercial parts indi- 
cated on drawing, many 
smaller parts such as plastic 
control knobs are used in 
this testing machine 


It may entail his modifying what he considers the ideal 
design in order to accommodate parts designed by some- 
body else, and if properly carried out involves careful in- 
vestigation of the relative merits of competitive units. 
But it is sound engineering. 

A notable instance of the application of these principles 
is found in the Southwark Tate-Emery line of universal 
testing machines, Fig. 2. The production of these ma- 
chines is large enough so that any of the parts for the 
most used sizes could be considered standard in the sense 
that they are manufactured in quantities and used in the 
construction of testing machines by production assembly 
methods. In Fig. 2 there are indicated some of the 
standard components. Commercially obtainable parts in- 
clude the radial piston pump for operating the hydraulic 
ram of the testing machine, the geared head platen-ad- 
justing motor which replaces a formerly used gear arrange- 
ment, relief valve, air intake filter, air pressure reducing 
valve, three flexible shafts, a number of plastic control 
knobs, also the electric motors and their controls—mag- 
netic switches and pushbutton controls. In connection 
with the electrical controls which are standardized by 
their makers the machinery manufacturer chose one of 
the recommended standard types. 

Other parts which could not be obtained on the mar- 
ket were designed with a particular view to their suit- 
ability for use in a wide range of machines. Thus the 
automatic pump leakage compensating control unit can 
be used on all of the pump sizes regularly used for test- 
mg machines. The entire load indicator has been so de- 
‘igned that by changes in only a few parts it can be used 
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with testing machines of any size and capacity, either 
directly connected to the hydraulic ram pressure or in 
conjunction with the special hydraulic support shown in 
Fig. 2. 

In one company where the policy of eliminating special 
parts wherever it is possible to use standard parts has 
been established, these parts include varied units such 
as gear reducers, grinding heads, high-speed spindles, 
drilling units, adjustable drill heads, differential drives, 
variable speed transmissions, pumps, and operating cy]l- 
inders. These units have all the essential component parts 
built in and are ready to be put into service with little or 
no modification, while maintenance is simplified because 
all repair parts are standard with the supplier. 

Through parts standardization sizeable amounts of ma- 
terial can be saved due to reduction in scrap as the result 
of eliminating the cut and try of straight job methods. 
Likewise only one set of tools is necessary for as many 
jobs as can use these parts, conserving tool materials as 
well as the time of the much-needed tool designers and 
tool makers. 

In all cases it is wise for the machine designer to con- 
sult with the parts manufacturer as to the present and 
probable future status of the parts under consideration so 
that a choice can be made that will insure a continuing 
supply at minimum cost. It is also well to ascertain how 
extensive are the service facilities and repair parts supply. 
Above all, inasmuch as each component becomes part of 
the machine for which the designer assumes responsi- 
bility, quality of standard parts selected must be at least 
equal to that of the machine as a whole. 
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PHERICAL joints for welded steel tubing requiring maxi- z 
Se rigidity with a practical minimum of weight are the 
particularly advantageous for aircraft and other light- the 
weight structures. One of the simplest designs and at the all 
same time one of the most conserving of steel, this type of the 
joint is utilized in the 






the ship towing ae 
carriage, below, En 
designed by Air Reduction Sales Co. The carriage has a 28-foot 















span yet weighs only 8 tons. Obviating cutting to fit the contour 
of adjacent members, most tube ends may be cut square since ve 
the axis of the tube is usually in line with the center of the sphere ‘i 
no matter at what angle the tube joins the sphere surface. ati 

In the carriage illustrated, all primary intersections are of this ts 
type. Spheres are cast steel shells, internally strengthened by a on 


diaphragm and webbing. Carbon content is .25 per cent or less chi 
for good weldability. Seven-inch spheres are used, with tubing in 
ranging up to 3!/2-inch diameter. To protect against corrosion, the “al 
entire network is filled with nitrogen (small holes having been drilled 
previously in the spheres to allow passage of the nitrogen through the 
the tubular members), sealed under three pounds pressure and il 
tested by the soap bubble method. 
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Maneuverability, speed and simplicity of control in the rescue of plane personnel from airplane crash 

for fire-fighting equipment is highly important be- fires. For this reason controls for the boom nozzle, 

cause a few seconds may mean success or failure front nozzle and linear ground-sweep nozzle in the 
1943 M. 
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airport fire truck, below, all are mounted within easy 
reach of the driver. 

With one movement of a control “joy stick” for any 
nozzle, a switch contactor starts a hydraulic motor 
and pump, another contactor operates a hydraulic- 
ram oil switching valve which causes the nozzle to 
travel in the desired di- 
rection. Boom and 
front-nozzle lifting de- : 
yices as well as front- — 
nozzle rotation are hy- 
draulically actuated, 
while boom-nozzle ro- 
tation is effected by 
electric motor and gear 
drive. Each of the 
movements has _ ex- 
treme positions con- 
trolled by limit switches. 

Electrical system of 
the truck, designed by 
the Cardox Corp., is 
all-important and it is 
therefore essential that 
the batteries be fully 
charged at all times. 
Energy is furnished by 
two heavy-duty diesel 
type batteries in an 
electrical system sep- 
arate from the truck 
engine battery, connected in series to give a po- 
tential supply of twelve volts. A selenium rectifier, 
constantly connected to the batteries, is utilized for 
charging when the truck is at its station. This 
rectifier is controlled by a temperature-compensated 
relay and a high-low charge control relay. 

Because the energy supply is disconnected when 
the truck leaves the station, motive power for the 
relay-controlled rectifier has been eliminated. To 
place the relays in proper contact for a high-rate 
charge immediately upon return of the truck to its 
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station, a normally open, spring-loaded charge-reset 
relay is employed. This is connected direct to the 
hydraulic pump motor so that any operation of the 
hydraulic system will place the rectifier in high-rate 


charging position. 
Hose reel on side is so arranged that when the 


= \ Vi 


operator lifts the gate to take the play pipe, a valve 
is operated which admits carbon dioxide—the fire- 
extinguishing medium—into the hose reel. Dis- 
charge is controlled by a valve mounted in the play 
pipe itself. 

Carbon dioxide is maintained in liquid state by 
mechanical refrigeration at the uniform low tem- 
perature of 0 degrees Fahr. and the correspond- 
ingly low pressure of 300 pounds per square inch. 
Optimum rate of discharge for boom or front nozzle 
is more than a ton of carbon dioxide per minute 


Rust preventive for machinery and parts, eliminating 
the necessity of slushing and degreasing operations, pro- 
tects hard-to-reach interiors as well as other assemblies in 


wor equipment. Granular 
silica gel which is capable 
of absorbing half its 
weight in moisture is 
packaged with the parts 
requiring protection as 
shown at left. Humidity 
indicator cards developed 
by the Permutit Co. give 
visual indication at all 
times of the moisture- 


101 











absorbing properties of the chemical. Im- 
pregnated with cobalt chloride, the gran- 
ules turn from blue to pink when moisture 
has increased above the safe 20 per cent 
value. Color card on the indicator iden- 
tifies at a glance whether the machine 
parts are safe from corrosion. 





Compression-yield testing of single 
sheets instead of prearranged packs al- 
lows the use of smaller loads and greatly 
simplifies testing technique by eliminat- 
ing composite factors which are always 
present in pack testing. At right is shown 
a jig, developed at the Aluminum Co. of 
America research laboratories, which 
comprises two blocks with small rollers 
mounted on the face of each. Held in 
place by small, brass leaf springs, the 
rollers are chamfered on the ends in 
much the same way as some types of 
needle bearings. When pressure is ex- 
erted on the specimen being tested the 
rollers are free to move up or down be- 
cause the chamfered ends push the 
springs out of position, permitting slight 
controlled movement. Tensometer on 
specimen measures the deformation, pro- 
viding accuracy within one per cent, 
about the same as is avoilable in tensile 
tests. Because a single sheet specimen is 
under constant support from the many 
rollers which are maintained with their 
axes constantly in line, a set of uniform 
conditions is provided that was not al- 
ways available previously. 


Flexibility of molded cellulose acetate butyrate al- 
lows for simplification of hinge design on cover for 
megger instrument as shown below. Bezel, molded 















































of this material, has two lugs on opposite sides 
which may be snapped into sockets in the cover 
as shown in the illustration. When the bezel is 
attached to the flat surface of the molded case 
the lugs are held in position. Thus the assembly, 
designed by Chicago Molded Products Corp 
makes a simple and practical hinge without the 
use of metal. 
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Fig. 1—Shows optimum time 
required for molding parts of 
different thicknesses 
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By V. E. Meharg 
Bakelite Corp. 





PPLICABLE to many phases of the forming or mold- 
A ing of plastics, the Heatronic or high-frequency 
heating process covers broadly a method of heat- 
ing a plastic to a temperature at which it possesses suffi- 


re cient fluidity for the desired flow. Because plastics are well noes Se ar WOODFLOUN PALER MEE” 
adapted to making a large number of duplicate parts, the =a : MOLDING MATERIAL 
zel is matter of speed in molding plastics has received the most ~~ a4 Tee or ee 
case intense attention. Variables of temperature and pressure end 3-4 
mbly, have been used to the utmost in shortening cycles as much 7 \ reiting Aaspoedat 
Sorp as possible. Today jobs are gained or lost by time cycle agen, ee . 
it the | differences of only a few seconds. Inasmuch as plastics Te ae [i] TESRCUP Cline TE An See 
are subject to heating and cooling cycles in the molding © and rs) | teow | Le 
operation the rate of heat transfer has been the most severe- Pitann | 
ly limiting factor. This is particularly true with thick ey | | | 
sections, also with thermosetting materials because the Fia000 || i] p STANDARD “MOLDED USING | 
complete operation of heating and hardening had to take + 6000 nowoen 
place in the molding die. The high frequency method Rite. 
strikes at this problem by generating the heat within the oon 
material, and if desired, outside the die. It therefore re- esbo (et 1 | 
moves the limitation which depends upon rate of heat 4000 La NEATRONIC | * 


LO] WO) 4) 


tran; 
sfer, panes 


In its ultimate form the method consists of making the Bax. 2a seas: 
material the dielectric between two plates in a high-fre- 12 16 20 24 ~ 32 o bee 8 sag 56 60 
SECONDS MOLD CLOSING TIM 
quency field. In other words, the plates and the mate- 


(Continued on Page 200) 





a . . . 
®Ab Fig. 2—Pressure required for molding as a function of 
§ stract of paper presented at the recent annual meeting of the 


I. in Chicago. closing time, is an indication of plasticity 
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Stress Concen| 


By R. E. Peterson 
Manager, Mechanics Dep'’t. 
Westinghouse Research Laboratories 





N THE introduction to a recent publication 
on stress analysis appears the following 
statement: “This bulletin is not concerned 

with such questions as why stresses should be 
computed, or what should be done with the 


stresses after the calcu- 
lations are made.” The 
latter question, which 
usually is of no inter- 
est to the elastician, is 
one with which a de- 
signer must live and is 
the subject of this arti- 
cle. Specifically, the 
discussion deals with 
the relation between 
stress concentration 
factors obtained photo- 
elastically or otherwise, 
and the strength of the 
corresponding machine 
parts. As will be evi- 
dent, there is a great 
deal to be learned in 
this field, but it is 
worthwhile pointing 
out what is known and 
how this knowledge 
can be used in design. 

To simplify discus- 
sion, it may be said 
that the effect of a lo- 
calized stress caused by 
a notch, fillet, hole or 


Fig. 1—Top—Success- 
ful design of turbo- 
generator rotor results 
from proper application 
of stress concentration 
factors such as photo- 
elastic fringe patterns 
can furnish 


Fig. 2—Right—Relation 
between endurance lim- 
it and ultimate tensile 
strength is typical of 
results obtained in 
usual fatigue tests with 
no stress concentration 


(H. F. Moore) 


Fig. 3—Right Below— 
Curve shows that higher 
strength materials 
generally are more 
sensitive to stress con- 
centration (Mailaender) 


similar “stress raiser” depends mainly on the type 


of loading and the material. 


The article there- 


fore will be confined to the following cases, al- 
though it is recognized that there are other 
variables such as effect of temperature, time, etc., 
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ENDURANCE LIMIT — LB. PER SQ.IN. 


ENDURANCE LIMIT - LB. PER SQ.IN. 


40,000 80,000 y-semelele) 160,000 200,000 24 
ULTIMATE TENSILE STRENGTH - LB. PER SQ. IN. 


FATIGUE SPECIME 
(60° SHARP GROOY! 
0.004" DEEP 


7 a eat = 
r 10101016) ‘sToxelele) 120000 16C,000 ; 
ULTIMATE TENSILE STRENGTH -LB. PER SQ. IN 
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enttn Factors 


and various combinations: factors as determined photoelastically or otherwise for 
Brittle material all cases involving brittle materials and it would not be 
:, Static loading wise to depart from this practice without detailed know]- 

b, Alternating loading edge of the particular application in question. 


Ductile material 
a. Static loading 

















b. Alternating loading. Static Strength Not Reduced by Stress Raiser 

Brittle materials, such as plain cast iron, are sometimes Ductile materials, of course, comprise the major portion 
defined as those having an elongation of less than 5 per of engineering applications. For static loading, as typified 
cent. Since such materials are generally not used to by the slow tension test, a ductile material yields in the 
carry critical loads, it is unnecessary to include extensive regions of highly localized stress so that the final rupture 
discussion of this classification. Failure in brittle mate- strength is not reduced by the presence of the stress 
rials occurs in accordance with maximum normal stress. raiser. There are other considerations, such as the im- 
The strength reductions which are obtained with brittle portance of elongation or energy absorption in the case of 
materials statically loaded are usually not quite as great as failure, but as far as strength is concerned it is customary 
indicated by application of stress-concentration factors. design practice not to apply stress-concentration factors 
In the case of alternating stressing, brittle materials often in cases of ductile material statically stressed. This brings 
show a surprisingly small reduction of strength for small us to the most important application of stress-concentra- 
groves and notches. Moore has explained this result tion factors, namely, the case of ductile materials wherein 






in the case of cast iron by pointing out that such material 
is full of stress raisers to begin with, in the form of the 
| holes occupied by the graphite flakes. It is, however, 
customary in design to apply the full stress-concentration 







Fig. 4—Below—Analysis of fatigue tests on SAE 2345. 
Dotted curves are theoretical, plotted points are test data, 
showing excellent correlation for this high-strength 
material (Moore and Jordan) 
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the loading, or at least a considerable portion of the load- 
ing, is alternating in character, so that fatigue of the mate- 
rial is the governing consideration. 

Ductile steels, for example, vary all the way from soft 
structural steels up to some of the heat-treated alloy 
spring steels. It is well known that the effect of stress 
concentration is more severe in heat-treated steels than in 


normalized or annealed steels. This is what is often 


me _ 


PRESENTING an encouraging picture of 
the practical uses to which theoretical stress 
concentration factors can be put in actual 
design, this article is based on a paper 
given by the author at the seventeenth 
Photoelasticity Conference and _ Stress 
Symposium in Detroit. It supplements 
previous articles on stress analysis which 
have appeared in MACHINE DESIGN, of 
which the most recent are listed among 

the references on Page 108 


a 


meant by the “tenderness” or “sensitivity” of certain 
high-strength materials, although these qualitative terms 
have also been used in a more general, and sometimes 
vague, sense. The effect to which reference is made is 
illustrated by Figs. 2 and 3. 

As is generally appreciated, Fig. 2 shows that the en- 
durance limit of conventional test specimens (where the 
contour varies so gradualiy that no concentration of stress 
occurs at the critical section) increases roughly in propor- 
tion to the ultimate strength. The line representing this 
relationship is repeated for comparison on Fig. 3. which 
shows that stress concentration has a greater effect for 


*References in parentheses are listed at end of article. 


Fig. 5—Analysis of fatigue tests on SAE 1020 shows 
correlation between theoretical and experimental en- 
durance limits at small distances below surface of 
material (Moore and Jordan) 


Je WITHOUT STRESS - 


“ong CONCENTRATION 


(b) 
SEMi - CIRCULAR GROOVES 
CONSTANT RADIUS = {” 





the higher strength materials. Curves of the kind shoy, 
in Fig. 3 differ widely with form of notch or stress raise, 
and also with size, as will be mentioned later. The ip. 
portant point to remember is that machine parts are pra. 
tically never shaped like conventional test specimens, by 
contain stress raisers in the form of threads, fillets, grooyes 
keyways, splines, oil holes, etc., so that the fatigue strengtt 
of actual machine parts is more apt to be governed by , 
relationship like that of the two lower curves of Fig. § 
than that of the straight line of Fig. 2. This means thy 
the percentage gain in the fatigue strength of an actyl 
machine part attained by going to a high-strength sted 
is apt to be less than is often assumed. 


Results Presented for Different Materials 


To illustrate in more detail the type of results obtained 
with different materials, the following analysis of dat 
(5a)* for a quenched and tempered nickel steel (SAF 
2345), Fig. 4, and for a low-carbon steel (SAE 1020). 
Fig. 5, is presented. 

Referring to Fig. 4, the upper series of curves is drawn 
to fit endurance limit values for specimens of various 
diameters and without stress concentration. Note the 
following point carefully—each lower curve is in a sense 
a theoretical curve, since it was obtained by dividing 
values on the upper curve by theoretical factors K,’ (Fig. 
6) which take account of stress concentration and the shear 
energy strength theory. The agreement of the lower 
curve with the plotted experimental points is remarkable, 
considering the range of groove size and specimen diam- 
eter. 

Data on SAE 2345 and similar data (Ref. 5b) for high- 
strength heat-treated steels show that at least for one 
class of material there apparently is at hand the means 
of making a good prediction of the fatigue strength of 
complicated shapes and parts. The fact that such good 
agreement between theory and experiment is obtained 
for this class of material, as in Fig. 4, is encouraging since 
it holds out a hope that such analysis can be extended to 
cover a larger portion of the materials field. It would, 
indeed, be a bleak outlook if the only way to enlarge the 
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1 show, | field of knowledge was by endless testing, without the 

SS raiser | benefit of theoretical guidance. This is not to argue 

The im. | against testing ©! materials or life testing of assembled ap 

re prac. | paratus, of which too much cannot be done at present. 

ens, byt | It is a way of saying, however, that the research work of 

groove, | the elastician, the photoelastician and the strain gage 

strength | expert will be increasingly used by the design engineer 

ed by, | as technical knowledge advances. 

. Fig. 3 Referring to Fig. 5 for the low-carbon steel (SAE 1020), 

ans thy | it is seen at once that the reduction in fatigue strength 

n actus) | is generally not as great as that indicated by the theoreti- 

sth steel | cal factors. It should, however, not be overlooked that for 

| the geometrically similar specimens it appears that as 
specimen size increases a limiting condition is approached 
where agreement is reached. As to the reason for this 
behavior there is no complete answer, although consider- 

obtained | able work has been done. Considering a series of geo- 

of data 
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fig. 6—Theoretical stress concentration factors for semi- 
Circular groove are based on shear energy theory 





" Metrically similar specimens of varying size (Fig. 5a), it 
Suseful to list the possible departures from similarity. 
These are: (1) Grain size, which is constant, but not 
fometrically similar in different size pieces; (2) Stress 
“Bradient of peak, that is, drop in stress per unit distance 
surface; (3) Machining effects, including finish 
Md cold working. 

~ Agreat deal could be written concerning these variables 
Put only one analysis will be mentioned here, that based 
MM stress gradient. If it is assumed that failure occurs 
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Fig. 7—Notch effect in fatigue with initial tension, for 
.70 per cent carbon steel. Curves show that for combined 
stress the stress concentration factors should be applied 
to the alternating component only 









when the endurance limit is reached at a constant distance, 
5, beneath the surface, the dotted curves shown in Fig. 5a 
are obtained. It is seen that in a general way these curves 
have the same trend as the experimental ones. The value 
of § which appears to fit best in this case is .002-inch. 
This happens to be approximately the grain size for this 
particular material, although in other tests § was found 
to be several times the grain size. Another possibility 
is that § is due to the cold work of the machining process. 
As stated previously, there is as yet no complete answer 
to this phase of the problem. 
























Alternating Component Is Primarily Affected 







Only a relatively small amount of research has been done 
for cases of combined stress involving stress concentra- 
tion, although such cases are important in engineering 
practice. Referring to Fig. 7, it is seen that a range of 
stress may be considered to be made up of static and 
alternating components and that stress concentration 
seems to affect primarily the alternating component. In 
fact, it is customary in design to apply theoretical fac- 
tors to the alternating component of stress and not to the 
static component. 

The application of theoretical factors may be summar- 
ized for the design engineer as follows: 

For brittle materials failure occurs in accordance with 
maximum normal stress, and full theoretical stress-con- 
centration factors, obtained photoelastically or otherwise, 
should be applied to all cases of static, alternating or com- 















107 











bined stress. 

For ductile materials, as far as static strength is con- 
cerned, it is not customary to apply stress concentration 
factors, although as mentioned there are sometimes other 
considerations to keep in mind. 

In the case of alternating stress, the behavior is not 
the same for different kinds of ductile materials. For the 
heat-treated high-strength steels, the full theoretical fac- 
tors of the kind shown in Fig. 6 (taking account of stress 
concentration and shear energy theory) should be applied 
and, as previously stated, a good estimate may be ex- 
pected. For untreated steels, the same theoretical factors 
may be used if no other data are available and in this case 
it is of interest to note that whatever error is made is on 
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Fig. 7—Elevator sheave shaft provides typical example of 
how to apply stress concentration factors 


the safe side. A rough correlation method is given’ on 
Page 181 of the Timoshenko Anniversary Volume pub- 
lished by MacMillan in 1938; this method may be useful in 
some cases. 

For combined static and alternating stress in ductile 
materials, it is customary to apply theoretical factors to 
the alternating component in accordance with the forego- 
ing, but not to apply them to the steady component. 

In conclusion, it is perhaps well to emphasize that 
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4. Combined stress cases 





i | 


8. Stress Calculation 


most machine parts subjected to severe stress are made 
of high-strength heat-treated steels and that for this iia 
important case we are fortunate in having all the informa 
tion necessary for accurate solutions to design problem 


Example Illustrates Application 


To show how the type of information pre. 
sented in this article can be applied in practical 
design the following example is given. The 
problem is to find the factor of safety of the ele. 
vator sheave shaft shown in the accompanying 
illustration, Fig. 7. The shaft is subject to an al- 
ternating stress in bending, the maximum oc- 
curring at the change in diameter at the edge 
of the sheave hub. 


SoLuTION: First find the nominal bending 
stress in the shaft at the edge of the sheave hub: 


Mc 32M — (32) (3200) (6) _ 15 500 4 
™ . ———_ 


per square inch 


2 ee 


I ad 


Now multiply by the proper stress concentration 
factor, K,’. From Fig. 6 it is found that for r/d 
= .25/2.5=—.1, the fillet factor is 1.6. Since this 
is a heat-treated alloy steel the full factor applies. 
The fillet stress is therefore: 


Omar = (12,500) (1.6) =20,000 pounds per square 
inch 


For SAE 2345 the endurance limit (from Fig. 4 
for shaft diameter in excess of 1.2 inches) is 66,- 
000 pounds per square inch. The factor of safety 
is therefore: 


_ 66,000 _ 
”=20,000 _ 
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Fig. 94—Standard Jominy 
hardenability test. Hardness 
traverses are made on .O15- 
inch deep flats ground 
lengthwise on diametrically 
opposite sides of bar 


Wartime 


Metallurgy Conserves 


Materials 
Part XlIl—Effects of Alloying Additions 


By R. E. Orton and W. F. Carter 
Acme Steel Co., Chicago 


LL FEATURES of ferrous metallurgy of signif- 
A icance to the machine designer have been re- 
viewed in this series. Effect of alloys introduces 

no new variable or characteristic of import, but modifies 
‘imply those metallurgical features already discussed. 
How these modifications occur, and their quantitative 
effect, will be the theme of this and the next article. Such 
being the case, previous articles will be reviewed briefly. 
The prime purpose for the selection of one material in 
preference to another is to secure the best possible insur- 
ance against failure consistent with the economics of the 
application. To evaluate this insurance the physical tests 
described in the introductory article were designed. While 
not by any means conclusive, they have gone a long way 


‘ward facilitating a prediction of the performance of a 
Sete 

~ 

References in parentheses are listed at end of article. 
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Heat flow Heat flow 


Fig. 95—Unidirectional heat flow is approached at the center 


of a large plate 


material. They are the bridge, so to speak, between the 
material and the design. 

Bain (1)*° and many others have demonstrated that 
these physical qualities are a function of the carbon con- 
tent and the metallographic structure, rather than of any 
alloying content. Accordingly, the structure of metals 
was carefully examined in succeeding articles. 


Structures of Metals 


Regular and orderly arrangement of atoms character- 
istic of crystals was discussed, as well as the directional 
properties inherent in such an arrangement. Cohesive 
failure by rupture of atomic bonds represents the ulti- 
mate in strength and brittleness. The more usual failure 
is by slip on atomic planes, and metals are strengthened 
by keying these planes. Emphasis was then placed on 
the dimensional limitations of the crystal form, and the 
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sporadic arrangement of crystals which result in a “sta- 
tistical effect”, physical properties being due to an averag- 
ing of many crystals. 

A discussion of the structure obtained by “slow” cool- 
ing from above the critical temperature range, eutectoid 
pearlite, excess ferrite and excess carbide was then pre- 
sented. Dispersed carbide structure obtained by cooling 
rapidly to some temperature below that of the “pearlite 
gate” of the S-curve was also dealt with. It was ex- 
plained that if the cooling is continued to below some 300 
degrees, martensite is produced, the hardest form of steel 
because it has the maximum of dispersion of the carbide 
particles. Tempering permits of some agglomeration of 
these particles with attendant softening to a more ductile, 
but weaker, structure. It also relieves the quenching 
stresses. 

Hardenability, the “ease of obtaining a martensitic 
structure” was also covered. The full significance of this 
characteristic is reflected in the alteration of the isothermal 
curves, and the practical measure of it is made by the 
Jominy end-quench. Later articles in the series brought 
out the significance and the control of grain size and 
gave a resume of heating furnaces, attendant equipment 
and quenching and tempering operations. Production 
and classes of iron and steel were detailed. An account 
was given of the impurities unavoidably present in the 
commercial product, and of the small quantities of assist- 
ing elements generally added. This was followed by an 
exposition of the case-hardening processes, in the May 
and June issues. 


Effects of Alloys Are Similar 


Probably more has been written on the influence of 
alloying elements than on the remainder of metallography 
and heat treatment of steel. At first glance there appears 
to be no order to it all. Yet so similar is the effect of 
nearly all the alloys that the great bulk of the story can 
be told for all as a group, changing for each only the 


percentage. The choice of alloys may be based on prac- 


tical considerations, economy, availability, machinability, 
ease of heat treating, etc. 


A realization of the practicality 


Fig. 96 — Temper- 
ature gradients 
across a one-inch 
thick plate for an 
ideal quench, from 
1500 degrees 
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Fig. 97—Temperature gradients across a four-inch thick 
plate for an ideal quench, from 1500 degrees 





of this approach is necessary in the war emergency in 
order that the country’s resources may be utilized to the 
full with a minimum of wastage. 

A broad division in the major alloying elements may 
be made according to their ferrite solution tendencies. 
The “ferrite formers”’—nickel, phosphorus, copper and 
silicon—do not combine at all with the carbon, being 
present entirely in solution in the ferrite and strengthen- 
ing thereby the matrix and moderately increasing hard- 
enability. All other elements may be present as carbides 
but may also dissolve in the ferrite, the carbide-forming 
or ferrite-dissolving tendency varying widely. 

This gives the second group—molybdenum, tungsten 
and vanadium—with strong tendency to form carbides, 
little solution in the ferrite, sluggish in dissolving in the 
austenite and in softening on tempering. They may 
strongly increase hardenability, but only if well dis 
solved in the austenite and homogeneously distributed. 
Manganese and chromium constitute the third group. 
those whose tendency is about balanced. The distribu- 
tion of these elements between ferrite and carbide de- 
pends upon the relative amount of carbon and alloying 
element present, and the degree of solution and homo- 
genization in the austenite. They dissolve readily in the 
austenite, serving practically thereby as strong increasers 
of hardenability. 


Steels Classified According to Use 


Alloy steels may be divided according to the metallog- 
raphic structure of final use. One group is used in what 
might be termed the “normal pearlitic” form “as rolled’, 
annealed or, in larger section, normalized, having hard- 
nesses ranging up to about 200 brinell. In the other 
group are the heat-treated steels, in general fully hard- 
ened to martensite and drawn back, but including als 
those treated by austempering and, in large sections. 
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those treated to obtain an emulsified pearlitic structure. 
Steels in the annealed or as-rolled condition will not 
have the carbides favorably distributed. It is here that 






the effect of ferrite strengthening alloys is most pro- 
nounced in improving the physicals (2 and 3). This is 
the field of the low-alloy, high-tensile constructional alloy 
steels, of which there are some fifteen or more marketed 
under various tradenames. All of the ferrite formers are 
employed, as well as the mild carbide formers. In addi- 









tion a small amount of moly and vanadium appears in 





some of the analyses, contributing undoubtedly to a finer 





pearlite distribution with its attendant improvement in 





physicals. 
The strengthening effect of alloys in such a structure 





is mild compared with that obtained by heat treating. 
However, the requirements for such applications as 
bridges, buildings, railway cars, and so forth, are low 
cost, high ductility, good formability and weldability. To 
meet these requirements the ferrite strengtheners serve 
well. Whereas a yield of 25,000 to 35,000 pounds per 
square inch is common in structural carbon steel, these 
alloy steels will have yields ranging from 50,000 up to 
as high as 75,000 with little loss of plasticity or other 
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Fig. 98 — Above — Hardness traverses 
across various diameters of .4 per cent 
carbon steel rounds. Solid lines show 
water quench, dotted lines oil quench 
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qualities, permitting an increase in working stress of as 
much as 100 per cent. 

In using these high-strength structural steels it should 
be remembered that the elastic modulus remains un- 
altered. This means that deflections may be higher than 
with a conventional design. Columns and other mem- 
bers where stiffness is important will not be able to avail 
Machine frames 
and other structures where the design is based on deflec- 
tion rather than stress will be benefited little by these 


themselves of all this extra strength. 


steels. Where the design can be rearranged, however, to 
increase inertia of the section, there is much to be gained. 

Since this series is concerned with the steels hardened 
by fairly rapid cooling rates, the remainder of this article 
will be concerned with this group. An analysis of the 
attaining of a metallographic structure from the discus- 
sion of hardenability in Part V may be made in terms of 
four variables: 


1. Capacity of the steel for hardness 
2. Hardenability 

3. Cooling rate 

4. Temperature and time of tempering. 


The capacity of a steel analysis for hardness is deter- 
mined by the amount of carbide particles that may be 
formed to key the atomic slip planes. This is a function 
of the carbon content only, the addition of alloys in the 
amounts usual in constructional steels making little con- 
tribution. This capacity, as measured by hardness read- 
ings on fully hardened carbon steels, is given in the curve 
of Fig. 32°. 

Hardenability is the ease with which a molecular dis- 
persion of the carbide particles may be secured. It is 
effectively measured by the Jominy test, Fig. 94, in terms 
of the cooling rate, Fig. 45°, required to suppress the 
formation of pearlite. The actual cooling rate existing at 
any point in a part is a function of the quenching 
medium and procedure, of the shape and mass and of the 
location of the point in the part. Tempering to the de- 
sired dispersion is of course only possible provided a 
finer dispersion has already been obtained in the quench. 

It is seen that, of the four variables that enter into the 
determination of the metallographic structure of a proc- 
essed part, only the second is appreciably affected by the 
introduction of an alloying element. It would also seem 
that, with the single curious exception of cobalt. every 
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element which will dissolve in austenite favorably af- be seen that the outer 5/16-inch does this, leaving 


fects the hardenability, assisting the steel to use its in- of increasing pearlite content %-inch diameter. I, how — 

herent capacity for hardness and strength due to its car- ever, an alloy were added to increase the gate to a little 2 be 

bon content. In this respect carbon itself acts as an over one second, the plate would be hardened through a 

alloying element, improving the hardenability. The condition for a 4-inch thick plate is illustrated by pi a 

The value of alloys in increasing hardenability may be Fig. 97. The carbon steel now hardens less than .3-ing Alt 

appreciated by consideration of the so-called “mass ef- deep, and the alloy which would harden the 1-inch plate wo 

fect”. Since the temperature of the outside of a quenched through only hardens the 4-inch plate little more thay help 

bar will have to drop before heat will flow from the in- 5/16-inch deep. It is necessary to widen the gate t a 
side, the interior will not cool as rapidly as the surface. some 15 seconds to harden through the heavier plate. = 

As a result it will be more difficult for the center to form It should be appreciated that this ideal quench cay ee 

martensite than the outside. Moreover, the lag in center never be met fully. Heat transfer at the surface is not sbtail 

cooling rate will increase with increase in size. The ef- instantaneous, nor is the heat carried away instantly, the ites 

fect can be demonstrated by a construction of tempera- layer of quenching medium surrounding the part rising side 

ture gradients across a bar at successive time intervals. in temperature. Thus, while in the ideal quench the sy. satel 

Obtaining data for such curves from actual quenches face will always be hardened, in actual operations this The 

is exceedingly difficult. However, a qualitative picture may not be true. This departure from ideal conditions press 

may be obtained from consideration of an idealized con- is best demonstrated by constructing hardness curves soo 

dition. The “ideal quench” would be one having an in- across actual bars quenched under operating conditions, ne 

finite rate of heat tranfer. That is, the surface would be Fig. 98 shows such gradients across various sizes of .40 . Th 

perat 

Fig. 100—Left—Carbon | 

tool steel die plate ment 

cracked in tempering heat 

after water quench. shoul 

Combination of light shoul 

and heavy sections, low by a 

hardenability, caused forme 

non-uniform hardening It th 

a hai 

Fig. 101 — Below — a 


Photomicrograph of nee 
failed SAE 4140 cast. | P'S 








ing. Structure tempered It 

martensite with ferrite dition 

network. Grain size curin 

about 2. Magnification, an ‘in 

500 diameters If th 

to 1 

brought to the temperature of the quench medium in- It is 

stantaneously and would be held at that temperature, a of al 
condition fairly well simulated by a vigorous water 
quench. It will also be necessary to assume a constant 

specific heat, conductivity and density for the bar and to To 

ignore the heat of transformation. For these calcula- ia 

tions they were chosen at .1/cal./g./degree C., and .19 hes 

cal./sec/em*/degree C/cm. and 7.8 g/cm‘, respectively. dibs 

To further simplify it will be assumed that cooling is from going 

two faces only of a rectangular shaped bar, as shown in pi 

Fig. 95, a condition approached by the center of a large plain 

plate (4). ne 

heati 

Alloy Aids Through-Hardening dns 

Temperature gradients across a l-inch thick plate for tribu 

time intervals of 4%, 1, 2 and 4 seconds are shown in Fig. effec 

96. The “gate” of the transformation curve is passed in and 

one-half second by a point .3l-inch from the center, per cent C rounds, data from U. S. S. Carilloy Steels. The the 

whereas it requires one second for a point .23-inch out, variations in the hardness reflect the structures obtained stres: 

and about 1.9 seconds for the center. If this plate were from decreasing cooling rates—full martensite, mixed near! 

of the eutectoid carbon steel whose isothermal curves are martensite and pearlite. and pearlite of successively ticul: 

shown in Figs. 28 to 30’, the gate at 1000 degrees must coarser grades (1 and 5). that 

be reached in %-second after leaving the austenite equi- The same story may be told by holding size and ma- diffu 

librium temperature, 1335 degrees. From Fig. 96 it may terial constant and decreasing the severity of the quench Al 

sre (6, 7 and 8). This is exactly what occurs in the Jominy as re 
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end-quench, Fig. 94. It is necessary, for comparable re- 
gilts, that conditions of quench be identical. A scale or 
carbon soot blanket will lower the quenching rate, as 
will also extreme variations in temperature of quench, 
particularly with aqueous solutions, rate of flow, tem- 
perature from which bar is quenched, etc.,(1). 

Temperature gradient curves of Figs. 96 and 97 also 
help to an understanding of quenching stresses, cracking 
and warpage. The transformation to martensite is ac- 
companied by an increase in volume. When the outside 
transforms the inside is still weak and yields to its pull, 
obtaining a fair degree of stress equilibrium. However, 
when the inside transforms, considerably later, the out- 
side is hard and relatively brittle martensite, not nearly 
as well able to stand the pressure of the increased volume. 
The effect is to place the outside shell under internal 
pressure, developing high tensile stresses. It is for this 
reason that quench cracks occur near the end of the 
quench, or in the beginning of the tempering operation. 

The ideal would be to bring all parts down in tem- 
perature uniformly, so that transformation occurred at the 
same time. This calls for the opposite of the require- 
ments of hardening, a quench having a very low rate of 
heat transfer. For this reason the quench employed 
should be as mild as the hardenability will permit. It 
should be noted that the same results could be obtained 
by a low hardenability, one so low that the center trans- 
formed to pearlite while the outside went to martensite. 
It thus may be seen that under some conditions too high 
a hardenability may be obtained and under others, the 
reverse. This is demonstrated in the quench cracked 
parts of Figs. 99 and 100. 

It may now be seen that the prime purpose of the ad- 
dition of alloying elements to steel is either to permit se- 
curing martensitic structure from a given quench, with 
an increased size, or reducing the severity of the quench. 
If the largest section to be hardened were only about %4 
to 1 inch, straight carbon steels would serve quite well. 
It is when the larger sections are employed that the value 
of alloys is felt(9, 10). 


Should Dissolve for Hardening 


To secure the full value of alloys for increasing hard- 
enability it is necessary that they be fully dissolved in 
the austenite previous to quenching. Considerable slug- 
gishness is exhibited by many of the elements either in 
going into solution or in permitting other carbides to dis- 
solve and diffuse to a homogeneous disposition. While 
plain carbon steels will be ready to quench in a matter 
of minutes at temperature the alloys may require higher 
heating and far longer holding. The extent of this will 
depend not only upon the alloy, but also upon its dis- 
tribution at the time of heating(11). The disastrous 
effects of ignoring this factor are illustrated in Figs. 100 
and 101. Not only is the network structure brittle, but 
the nonuniform hardening resulted in high quenching 
stresses. Some castings actually failed in the quench, 
nearly all others failed in service. Alloy castings in par- 
ticular should be homogenized at high temperatures so 
that the elements may be picked up by the austenite and 
diffused. 

All the allovs retard the softening in tempering. both 
as regards time and temperature. This undoubtedly ac- 
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Fig. 102—Photomicrograph of properly treated casting 
of Fig. 101. Structure is tempered martensite 


counts for the creep resistance of the high alloyed steels 
(1 and 3). The time effect extends over a long interval, 
commercial practice of tempering from % to 2 hours giv- 
ing substantially constant results. 

Steels do not soften alike with temperature. The ad- 
dition of alloying elements calls for a higher tempering 
temperature to obtain the same hardness. In general, 
those alloys that are the most sluggish in going into solu- 
tion in the austenite most strongly resist the tempering 
(12 and 13). 

There is amazingly little to choose between steels heat 
treated and tempered to the same hardness. Janitsky 
and Baeyertz(14) investigated alloy steels varying in 
carbon from .3 to .45 per cent, both water and oil 
quenched. Fig. 103 is reproduced from their data. The 
greater variation in values at high hardnesses may well 
be explained by the lower reliability of such data. Quench- 
ing stresses, notches, etc., are of much greater import. 

There are some applications where the use of alloys 
may be advisable, even if a plain carbon steel will harden 
out. The use of a milder quench with its attendant 
lower residual stresses, and the employment of higher 
tempering temperatures with a consequent further reduc- 
tion in these residuals, may at times be of considerable 
significance. With these and a few other exceptions, 
however, the choice of which alloy—assuming that suf- 
ficient hardenability has been obtained—may be dictated 
by other requirements such as economy, availability, ma- 
chinability(15 and 16), rather than on unwarranted as- 
sumptions of phenomenal qualitites imparted by some 
particular element. 


Special Applications Distinguish Alloys 


As applied to special applications more can be found 
to distinguish one alloy from another. Low temperature 
impact is improved by the ferrite-soluble elements, nickel 
being outstanding in this regard. High-temperature creep 
is aided by the strong carbide formers, molybdenum be- 
ing outstanding in this regard. Abrasion again is aided 
by hard complex carbide particles such as those formed 
from chromium, vanadium. tungsten and molybdenum al- 
though, in general, only the first will be present in suf- 
ficient quantities in constructional alloy steels to be of 
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much value. Atmospheric corrosion resistance depends 
upon the formation of a tight oxide, which acts then to 
prevent further corrosion. In large amounts chromium 
is of value, as witness the 12 per cent grades of stainless 
cutlery steels, Type AISI 430. 

Of the lesser effects of alloying elements, grain size 
has received a great deal of attention, deservedly so be- 
fore the days of grain-size control, unwarrantedly today. 
It is for this reason that so much credit was given to the 
toughness of vanadium steels with their large amount of 
rather insoluble carbides, 
such applications. 

All the alloys lower to some extent the carbon content 
necessary for the eutectoid composition. This is true 
even of the ferrite soluble elements. The effect is of 
little importance in the carbon range employed in through- 
hardening constructional steels. It is of some importance, 
however, in carburizing. By going further beyond the 
eutectoid composition the risk of a hypereutectoid deposi- 
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Fig. 103—Variations in physical properties of a number 
of SAE alloy steels, varying in carbon from .3 to .45 per 
cent. Heat treated to the same hardness 


tion of carbide with its attendant embrittling effect is in- 
creased. 

With the exception of the free-machining steels, at- 
tained by manganese sulphide or other inclusions such as 
lead to break the chips, machinability is reduced by al- 
loying additions. This is an extremely difficult quality 
to correlate. So much depends upon the structure, 


ll4 


whether the carbide is present in coarse or finely divided 
plates, or in a spherodized condition. Also, an apparent. 
ly minor alteration in clearance or rake angle of a Cuttin 
tool, or perhaps a change to a different cutting flyig . 
a different rate of cut and so forth may completely alte, 
this quality. Full annealing is not always the best op, 
dition. A case at hand in the writers’ experience was thy 
of a number of .45 per cent C steel forgings in which a, 
nealing only accentuated the trouble. The cure was. 
normalized structure of finely divided pearlite, attaing) 
by air cooling from over the critical, followed by a dray. 
back at 1200 degrees. 

The next article will summarize the effect of the adgj 
tion of alloying elements to steel for each alloying eb. 
ment, with stress placed upon those elements or cop. 
bination of elements of steels employed in constryg. 
tional practice and available generally in warehoys 
stocks. 
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Standard for Engineering Graphs Approved 


RESENTATION of engineering data in graphical 

¢orm demands careful attention in order that the graph 
serve its purpose of promptly conveying significant im 
formation to the reader. In connection with engineering 
reports prepared for executives, clear presentation is 0 
particular importance. On this subject a helpful guide 
has recently been approved by the American Standards 
association and issued in the form of a 28-page booklet, 
“Engineering and Scientific Graphs for Publications. 

Choice of scales and their designation, coordinate ru 
ings, curves, plotted points and titles are discussed and 
illustrated in Part 1, the weaknesses of poor style being 
pointed out by examples. Part 2, covering constructio 
of original graphs to be used for reproduction, is pa 
ticularly concerned with appearance factors and the ettect 
of size reductions on line thickness, lettering, and sym 
bols for plotted points. 

The new standard, which is designated ASA Z15.- 
1943, is sponsored by the American Society of Mecha 
cal engineers from which copies may be obtained. 
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Fngineering Aspects 


of Plywood 


By Ivar C. Peterson 
Aeronautical Engineer 
Civil Aeronautics Administration 


BECAUSE of the great potentialities of 
plywood in future designs, strength 
characteristics of this material and design 
features of typical plywood aircraft mem- 
bers should be particularly interesting to 
design engineers. The accompanying 
article is based on a paper delivered 
before the National Aeronautic meeting 
of the S.A.E. by the author who is chair- 
man of the ANC executive technical 

subcommittee on wood for aircraft 


RESENT efforts to turn out wood aircraft in mass 

quantities and at the same time take all advan- 

tage of recent developments in glues, fabrication 
technique and design, has brought us face to tace 
with many new problems as well as some skeletons of the 
past. Although it is not possible to give the answer to 
any of these problems with either the degree of thorough- 
hess Or accuracy that is desired, a partial answer at the 
present time may be of more value than the complete 
answer at a later date. 

It is often not understood just why wood strength 
tables fail to give values for tensile strength, although 
the tensile strength of wood parallel to the grain is very 
high, being about 18,000 pounds per square inch for 
traight-grained spruce. Thus, the ratio of tensile strength 
0 specific gravity for spruce is approximately 45,000 as 
compared to 23,600 for 18-8 stainless steel in the full-hard 
condition. 

The reasons why this high tensile strength cannot be 
utilized in structures are (1) the low shear strength of 
wood and (2) the highly critical effect of stress concen- 
trations and slope of grain on tensile strength. It is prac- 
tically impossible to obtain pure tension stresses in a mem- 
ber, or to devise fittings that will permit the tensile 
strength of the full cross section to be developed. As a 
result, shear failures result rather than tension failures. 

Since the permissible slope of grain in aircraft lumber 
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Fig. 1—Variation in wood strength with specific gravity 


is 1 in 15, the allowable tensile strength must be set 
accordingly. For spruce, a grain slope of 1 in 15 will 
reduce the straight-grain tensile strength to about 9,400 
pounds per square inch. A similar reduction was also 
found to be true for other species and, because these 
tensile strengths (for a 1 in 15 grain slope) checked the 
modulus of rupture in static bending closely, the latter 
property has been conveniently used to represent the al- 
lowable tensile strengths parallel to the grain. In con- 
trast to the high tensile strength of Sitka spruce parallel 
to the grain, the specific strength in tension perpendicular 
to the grain is only 600, and in shear parallel to the grain, 
2500, as compared to 23,000 and 16,000 respectively tor 
18-8 full-hard stainless steel. (These values are approxi- 
mate.) 

Strength properties of wood are much attected by 
changes in moisture content and, unfortunately, the 
moisture equilibrium of a piece of wood will vary with 
the conditions of relative humidity and temperature to 
which it is exposed. Near Seattle, Wash., and other 
humid regions the wood moisture content averages ap- 
proximately 15 per cent, while in certain regions of the 
Southwest a moisture content of five per cent is not un- 
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common. The difterences in strength of Sitka spruce tor 
these two moisture contents are shown in the accompany- 
ing table. 

From the standpoint of efticiency and avoidance ot 
shrinking and swelling difticulties, it would be desirable 
if wood aircraft could be designed for operation in a par- 
ticular geographical location. For example, a spruce wing 
spar of 1 by 6-inch cross section designed on the basis of 
15 per cent moisture content could be reduced to slightly 
less than a %4 by 6-inch cross section on the basis of a 


+— 
| 


iB 2 22 24 26 28 5 2 


12 14 16 
Asap 


7 per cent moisture content, with a resulting weight 
saving of 28 per cent. 

Gives: A number of thermoplastic resin glues have 
been developed which appear to have all of the desirable 
characteristics of good bag-molding or ftinal-assembly 
glues, but these glues should not be used in highly stressed 
parts of the structure. Thermoplastic glues are subject 
to “creep” at elevated temperatures (approximately 160 
degrees Fahr.). Since wood surtaces coated with a dark 
camouflage paint may reach temperatures well over 200 
degrees Fahr. in desert regions, separation of the glue 
joints is likely to occur. 

Glue manufacturers in general will not recommend nor 
guarantee their glues for use in gluing dense materials, 
such as compreg or plastic laminates, and it becomes 
necessary for aircraft manufacturers to rely upon rather 
meager data resulting from their own experience with 
certain types of glue. A few sources of information, how- 


Sitka Spruce Strength Properties 


Per cent 
increase 
Average Average in strength 
strength at strength at from 15% to 


15% moisture 
content (psi) 


7% moist- 
ure content 


7% moisture 
Strength property content (psi) 


Static bending proportional 


limit Ba ae 8,950 6,200 45 
Static bending modulus of 

rupture ..... 12,800 9,400 86 
Maximum compression per- 

pendicular to grain 1,180 840 40 
Maximum compression par- 

allel to grain .. 7,600 5,000 51 
Shear strength parallel to 

grain : 920 750 23 
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ever, indicate that reasonably good results can be ob. 
tained in gluing compreg to compreg or plastic lamina, 
to plastic laminate if a low-temperature Phenolic-regi, 
glue is used and the surtaces are roughened slightly, 
When compreg is glued to normal wood it is recon, 
mended that a layer of impreg be inserted betweep 4, 
two materials. The primary objective is to reduce as myq 
as possible the stress concentration in any single glue in 
due to pronounced differences in moduli of elasticity, 


SpeciFIC-GRAVITY CORRECTIONS: Unfortunately tt 


Lit 


Fig. 2—Left—Allowa}j, 
shear curves for plywoo; 
Bare webs. Dimension (q)|j, 
a as chosen so that it is Jes 

Use these curves than (b) 
whenaa) is paralle!/ 


to the flanges es 


a/b= 4 


se) 


AUD, w 


ie 
=< 
ies, 
Blitcws: 
Be 


LETT | 
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Use these curves 
when (Qa) is distance 
between the flanges 


34 36 38 4 Fig. 3—Below—Curves 
: for value of a,, for deter. 
mining allowable stress 


in Fig. 2 


grain direction 


MOY 


Face-grain directios 


Face Grain in Compression 


term “minimum guaranteed properties” is not applicable 
to wood and plywood structures and, as a result, the 
current attempts at correction of static-test data have led 
to nothing but confusion. It is true that a “minimut 
permitted” specific-gravity value is specified for all air 
craft lumber but the design allowables for these species 
are related to “average” specific-gravity values rather than 
to this “minimum permitted.” As shown in Fig. 1, th 
magnitude of the average specific-gravity has been de 
termined by a consideration of values both above and 
below this so-called average. It is thus apparent that any 
strength property for a given species should be associated 
with a “range” of specific-gravity values rather than . 
average, and that both the upper and lower limits of thi 
range should be specified in any wood strength table. 
Since the minimum permitted value was placed ten p@ 
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Face Grain in Tens 
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study and experimental work has pro- 
duced the set of curves shown in Fig. 
2 for the design of plywood shear 








cent below the average, it is reasonable arbitrarily to set 
maximum \ alue at ten per cent above the average. Thus, 
for spruce the specific gravity range should be .36 to .44. 
This upper liinit need not be considered as the maximum 
mitted but rather as the maximum desired in order 
avoid excessive structural weight. 

Another point that should be noted in Fig. 1 is the 
considerable variability in wood strength properties tor 
identical values of specific gravity. This variation is 
typical of all of the wood-strength and elastic properties, 
me to a greater degree than others, but the overall 
average Of this variation is approximately ten per cent. 


to 


In view of the above points it is believed that static- 
test data for isolated wood structures, either major as- 
gmblies or component parts, should not be corrected tor 
variation in specific gravity. In connection with this pol- 
icv, however, the aircraft manufacturer should select ma- 
terial that has a specific gravity between plus or minus 
ten per cent of the average value specified in order to 
obtain results which are indicative of the average 
strengths. 

SueaR WEBS FOR Box-Beams: In the past the design 
of box-beam plywood shear webs has been based upon 
two sources of information, National Advisory Committee 
for Aeronautics Technical Report No. 344 by G. W. 
Trayer, and Air Corps Information Circular No. 516 by 
Rk. W. Miller. Both of these reports 
were the results of static tests. Because 
of the differences in test conditions, 
quantitative design 

each case 
In some in- 


however, the 
values recommended _ in 
were not in agreement. 

stances this discrepancy mounted to 
several hundred per cent, showing 
the need for more satisfactory design 
information and clarification. 

In connection with the current 
Amy-Navy-Civil research program 
the Forest Products Laboratory in 


of plywood shear webs. Further 


webs in I-beams and box-beams. 

To compute the allowable shear 
stress F, for a plywood web of three- 1 
ply, 1:2:1 construction direction of : 


is for 45-degree birch-birch, mahogany-mahogany and 
poplar-poplar 3420, 3020, and 2270 pounds per square 
inch, respectively?. 

Although strict interpretation of the curves in Fig. 2 
apply only to plywood beam webs, it is believed that 
they may also be used to calculate the shear strength of 
other types of plywood shear panels (such as in wing 
skins or fuselage coverings that have little or no curva- 
ture) provided certain precautions are taken. If any edge 
of a panel is not rigidly restrained against movement in 
its own plane, the lower set of a/b curves should be used. 
An example of this might be a plywood panel in the wing 
covering at the inboard end of an outer panel where the 
end rib does not afford a rigid spanwise restraint to the — 
edge of the panel. 


Determining Shear Strength 


The shear strength of a panel which is rigidly restrained 
along all edges in its own plane may be determined by 
use of the upper set of a/b curves. A panel whose edges 
are entirely within a larger plywood sheet, or a panel 
whose edges are restrained on one or more sides by a 
heavy member and on all other sides by a continuation 
of the plywood, will fall into this group. It should be 
noted that the curves in Fig. 2 are applicable regardless 


Fig. 4—Detail design features of box spar with explanatory notes 


Direction of 
ules aiuliiimleye te 





Tension flange laminated to avoid effects of compression failures not 
found. in inspection of material 


ne — — a 2. Web face grain 45 degrees to spar axis for greatest shear strength 

as s y the 3. Web face grain in compression under critical loading for greatest 
sketches in Fig. 3. Then a, /t is ob- buckling strength 
tained from the appropriate set of 4. For 50-50 construction, most efficient plywood web material is three-ply 
curves' in Fig. 3, where t is the web 5. Diaphragm verticles fitted snugly between flanges and dimensioned so 
thickness. From this a /a, or the as to provide large glue area for web attachment 


abscissa in Fig. 2 is obtained from 6 
which Fs/Fse is obtained, where Fee 


Diaphragm cross membets of plywood, flexible enough to yield slightly 
when web buckles 


—. 7. Filler block tapered to avoid stress concentrations. If designed to trans- 


a 
Values for a, may also be calculated from 
Equation 2:45 in ANC Wood Handbook (re- 
‘tricted) for other constructions. 

Other values of F ee may be calculated for 


o Plywood constructions from Equations 
*:30 and 2:31 in ANC Wood Handbook (re- 
stricted ) , 
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mit loads, taper ratio should equal ratio of maximum tension stress in 
adjacent flange to horizontal shear strength of filler block 

8. Filler block cross-banded to prevent checking and other difficulties re- 
sulting from swelling and shrinking due to moisture changes 

9. If water has access to interior, 1/,-inch diameter (minimum) drain holes 
should be made in each compartment flush with lower flanges Similar 
vent holes should be placed in web near upper flange. 








of the direction of the plywood tace grain; the variation 
in shear strength is compensated for in the terms 
F,, and a,. 

Although it is common practice to design metal shear 
webs in the tension-tield range, this same practice is not 
advisable for an efficient design of plywood webs. It has 
been found by test that when the face-grain direction is 
parallel to the tensile stresses (this would be the direction 
of greatest tensile strength for plywood having equal ve- 
neer thicknesses) the buckles become large and the result- 
ing bending stresses reduce the ultimate tensile strength far 
below that normally expected. If the face-grain direction 
is run perpendicular to the tensile stresses the resistance 
to buckling is increased, but in this case the tensile 
strength of the plywood is low, even in the unbuckled 
state. Consequently there does not appear to be any 
“best way” of running the face-grain direction for plywood 
tension-field webs. Further, the tension-tield buckles tend 
to project themselves into the glue joints, thus causing 
premature failure due to separation of the stifteners and 


Fig. 5 — Principal 

stresses set up in 

isotropic plate by 
bolt load 





Hanges from the plywood webs. A number of points which 
should be given consideration in the design ot box-beams 
have been noted in Fig. 4. 

EFFICIENCY OF I-BEAMs: Box-beams seem to have re- 
placed to a large extent the use of I-beams in aircraft con- 
struction, although the latter type is more efficient on a 
strength-weight basis. Referring to the curves of a,/t 
vs. a/b in Fig. 3, a, varies directly with t. For the 
same total plywood web thickness, theretore, the value 
of a, for an I-beam would be twice that for a box-beam. 
Referring to Fig. 2, this means a value of a/a, of one- 
half that for the corresponding box-beam with a very 
appreciable increase in the allowable shear stress over 
the normal range of design. 

Another factor which should be considered is that ot 
buckling of the plywood shear webs. In the case of the 
box-beams, any buckles which torm under load become 
deeper as the load is increased and these tend to pull 
the web away from the flange. In the case of the I-beam, 
there is no opportunity for the web buckles to project on 
through the web-flange attachment. 
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Some arguments may be raised against the use of 
I-beams because of the difticulty in attaching ribs. Such 
arguments have little basis as it is simple to use web 
stiffeners as rib-attachment points, or it also is Possible 
to devise various “mechanical shear joints” which take ad: 
vantage of the I-beam cross-section profile. This indicat. 
that designers would do well to consider the use y 
I-beams tor plywood-covered wings and not follow along 
blindly in the use of the more-or-less standard box-bean; 

STIFFENERS FOR COMPRESSION PANELS: An import. 
ant problem in the design of reinforced plywood gp, 
pression panels, such as wing and fuselage Covering 
is tc determine what stiffener width is required to Dro. 
vide sufticient glue area to prevent separation of th 
plywood and stiffener under load. This glue-area requir. 
ment appears to be primarily a function of stiffener sp,¢. 
ing, plywood thickness, plywood construction, and face. 
grain direction. 

Design information on this problem, either theoretic) 
or experimental, is extremely meager and manutacturen 
are urged to conduct stiffened-panel compression tests ty 
determine a suitable stiffener width rather than to assum 
some value arbitrarily. Such preliminary tests may say 
time and expense by avoiding extensive redesign if sep. 
aration of the plywood and stiffeners causes failure. 


Applying Rule of Thumb Data 


Such test data as are available indicate that the tollow- 
ing rule of thumb should be satisfactory for 45 degrees 
mahogany-poplar multi-ply plywood with Douglas ti 
stringers. When buckling of the plywood panel is e- 
pected before the ultimate design load is reached, the 
width of glue line attaching stringer to plywood should 
be approximately six times the plywood thickness. When 
buckling is not expected to occur below the ultimate 
design stress the width of glue line may be reduced 
The glue-line width need be only three times the plywood 
thickness when the critical buckling stress is more than 
twice the ultimate design stress. Theoretically, a plywood 
panel will have the greatest tendency to separate from 
stringers at the ultimate design stress when the stress a 
which buckling first becomes noticeable in the actul 
structure. It should be noted that this stress may be only 
50 per cent of the theoretical calculated value, due possi- 
bly to initial eccentricities. 

BEARING PLATES — There is a serious problem in the 
design of bolted joints tor solid-wood members under 
tension loadings because of the tendency for wood to 
split and shear out in front of the load. One of the mos 
common recommendations for good design practice it 
wood-aircraft construction is for the use of plywood bea 
ing plates for all bolted connections. It is unfortunate that 
plywood plates have been termed “bearing plates” as this 
has led many to believe that plywood itself has a high 
bearing strength which is not so. Actually, these plates 
should be called “reinforcing plates” or some such similé! 
term since their primary function is to prevent splitting 
of the solid wood members to which they are glued. 4 
basic understanding of this point can be gained by 
ferring to Fig. 5 which shows the results of photoelastic 
studies of a bolted joint in an isotropic material. (At 
though wood is anisotropic, it is believed that this figur 
is at least qualitatively correct when applied to a w00 
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member.) The solid lines represent the lines of principal 


tensile stress while the dotted lines represent the com- 


panion principal stress. 

Since wood is weak in tension perpendicular to the 
grain, it is obvious that the tensile stresses shown will 
cause the member to split open at low loads. If, however, 
4 piece of plywood is glued to each bearing face of a 
bolted member the plywood will resist the stresses tend- 
ing to cause cleavage, thus enabling the solid wood to de- 
velop a much greater shear strength before failure. 

It can also be seen from the stress trajectories in Fig. 5 
that the direction of maximum shear stress just below the 
holt is essentially parallel to the direction of loading. For 
this reason plywood reinforcing plates should be laid so 
that the face-grain direction runs 45 degrees to the di- 
rection of loading. 

For the same overall thickness it has been found by 
test that a plywood-faced bolted member may develop as 
much as 50 per cent more strength than will the same 
member without plates. The thickness of plywood to be 
ysed is necessarily a function of the thickness of the 
bolted wood member. It is recommended that a minimum 
thickness of %s-inch 45 degree plywood be used on each 
face for a total thickness up to two inches and varying 
linearly thereafter to %4-inch for a total thickness of five 
inches. The plywood should be 50-50 construction. 

It is further recommended that mahogany-poplar ply- 
wood be used for reinforcing low-strength woods, such as 
spruce and poplar, and that birch-birch plywood be used 
for reinforcing high-strength woods such as birch, maple, 
hickory, and walnut. Composite members made in this 
mamer will give bearing strengths almost as high as 
would be obtained from the use of “impreg” or “compreg.” 


HicH AND Low-Density Woops In CoMBINATION: AI- 
though it is entirely possible to use high and low-density 
woods in combination in highly stressed members satis- 
factorily, the differences in elastic properties are a poten- 
tial source of trouble. In certain aircraft structures, par- 
ticularly wings, premature failures in static tests have 
sometimes been caused by the elastic incompatibility ot 
high and low-density woods. 


Indicate Design Changes 


A specific example of an incompatibility failure is one 
which occurred on a wing with hickory spar caps and 
square-laid poplar plywood covering (face-grain direction 
running spanwise). In the stress analysis of this particular 
structure the skin was assumed to carry no bending 
stresses. Nevertheless, tension failures occurred in the 
skin at about 80 per cent of the design load. A review of 
the stress-strain characteristics of the two woods revealed 
that while the modulus of elasticity of poplar was much 
less (hence the corresponding stress for a unit strain was 
less) the total work of which the hickory was capable ot 
doing under load was so much greater that the ultimate 
strength of the poplar was exceeded while the hickory 
was yet well within the elastic range. 

The remedy for such an occurrence is to reduce the 
modulus of elasticity of the plywood covering by rotating 
the face grain to be 45 degrees with the spanwise direc- 
tion. This latter arrangement is particularly desirable in 
view of the fact that the original assumptions in the above- 
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mentioned stress analysis are more nearly fulfilled and the 
torsional properties of the wing are improved. 


LEADING-EpGE Structures: An interesting case of 
leading-edge failure on a conventional two-spar, trussed- 
rib, fabric-covered wing (plywood nose) was observed 
during static tests. In the design of this particular wing, 
the plywood leading-edge cover had been disregarded 
structurally, even though it was securely fastened to the 
ribs and the front spar. As the wing deflected under load 
the leading-edge plywood cover was stressed accordingly. 
Failures began to occur at as low as 40 per cent of the 
design load in the plywood nose cover in the vicinity of 
access cut-outs, and finally the entire leading-edge struc- 
ture was torn from the wing at less than 80 per cent of 
the design load. Designers believe they are being con- 
servative by neglecting the load-carrying capacity of cer- 
tain parts whereas, in reality, they are inviting trouble. 
A failure or series of failures, caused by structural mem- 
bers which are arbitrarily considered nonstructural, are 
just as costly and even more irksome than failures in 
members which were given sufficient consideration. 

A general weakness of leading edges in stressed-skin 


Rib cap-strip 
\ 


Face-grain direction 





Plywood gusset should be 50-50. construction and sot 
less than three plies 

Outer plies of gusset and cap-strip material should be 
of about the samie density 

Plywood face grain’ should be 45 degrees to cap-strip. 
and run in direction of tension load. 


Fig. 6—Design of typical trussed-rib plywood gusset 


wood structures appears to be the tension attachment ot 
ribs to spars. It is fairly easy, in the usual case, to obtain 
adequate shear connections with corner blocks or ply- 
wood angles but tension connections are aftected by skin 
stresses from sources other "than the direct rib loads. This 
fact, coupled with the inherent difticulties involved in 
making a satisfactory tension connection in wood struc- 
tures has caused considerable leading-edge trouble. 


GussETs FoR TRUSSED-TyPE Riss: Little or no attention 
is given to the design of plywood gussets for use in attach- 
ing diagonals to cap-strips in the conventional truss-type 
rib. This oversight usually results in premature failures 
in rib static tests and consequent delay while the “gusset 
trouble” is remedied. The most etticient type of plywood 
gusset for a particular location will depend upon the rela- 

(Concluded on Page 208) 
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By John W. Greve 








chines 
1. 
PON satisfactory functioning of j 
wheels or casters often depends th, 2. 
acceptance of a mobile machiy, 3 
For each design, however, special congij 3 
eration is necessary to obtain the be 4 
wheels or casters for the particular i 
for which the unit is intended.  Selectig 5. 
of these parts is so important that it shoul; 
be common practice to make the selectig = 
at the outset of the design. yor fi 
There are certain general rules whid $ - 
apply to the use of wheels—the priman shock 
subject of this article. They must, in th rt 
Fig. 1—Above—Pneumatic wheels protect X-ray unit from shock. Also first place, assure the user a number ¢ howev 
they prevent distorted images by damping floor vibrations years of dependable service. Although lems f 
usually considered minor items, they ca wheel 
be such an annoyance as to influence users — 
goodwill even though the rest of the wit 
Fig. 2—Below—Portable vibrating screen carries major load on large functions satisfactorily. Antifriction bew- 
pneumatic-tired wheels. Clevis yoke provides for steering ings are desirable for both the swivel and 


wheel bearings, particularly if medim- 
weight or heavy-weight machines are to he 
moved frequently. A balance between i 
high degree of maneuverability, quietnes 
and ease of operation is essential. A good 
compromise for small, manually-propellel 
machines is to make the plain, nonswiye- 
ing wheel soft and the swivel casters har. 


Should Provide Adequate Wheels 


Many otherwise excellent designs @ 
small machines have overlooked or not pit 
vided adequately for the rolling equip 
ment. For instance, a case at point 82 
relatively light, well-known machine har 
ing an enclosed, styled housing coveriig 
the machine to the floor. When castes 
were applied, however, it was impossille 
due to a relatively high center of gravil 
to use casters of sufficient diameter to pit 
vide easy movement over minor builip 
in the floor. The offset of the swivel i 
clearance of the enclosing housing rendered 
the machine unstable when the castes 
were turned to the inward position. Tis 
oversight in design rendered necessary 
selection of a too-small diameter wheel ® 
maintain as much stability as possible 

For the sake of wheel selection, ™ 
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Part | 
C 
chines are grouped into five general classifications: 
1. Manually propelled, involving speeds up to three 
ng of is miles per hour . 
. 9. Industrial truck or tractor drawn, involving speeds 
pends the 4 up to ten miles per hour 
machin 3, Highway tractor drawn, involving speeds up to 
al consid. twenty-five miles per hour 
the bes 4, Automotive towed, involving speeds up to sixty 
cular job miles per hour 
Selectio: 5. Self-propelled, involving any speed range. 
it shoul These groups are so selected because speed of opera- 
Selecting. . load ee ey - e 
tion is usually the primary governing factor in the design 
__. Bf of wheels and their supporting members. For instance, 
¥ - shock loads or side thrust are relatively unimportant fac- 
| rs tors in the first group. They become of major importance, 
t, in th however, in the last three groups. Added to these prob- 
et "E lems for the fifth group is the necessity for the power 
Although ‘ ap . 
> f wheels to transmit torque and provide sufficient traction. 
es: “"'F Because considerable attention has been given the latter 
Ce users 
the uit 
on bear. 
ivel and 
medium- 
re to be 
tween a 
juietnes 
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heels and Casters 


groups, and because design becomes more highly special- 
ized, primary attention will be directed in this article to- 
ward the first and second groups. 

With respect to selecting wheels for equipment operat- 
ing at speeds in excess of ten miles per hour, it would be 
relatively simple for wheel manufacturers to provide 
wheels if pneumatic tires were always available. Being 
highly restricted at present, it is necessary to make appli- 
cation to the government for each specific use. As a re- 
sult steel wheels are being utilized and it is being found 
that these will not stand up when drawn over bumps 
such as tracks, etc. Shock loads become too great and 
no wheels have been designed to date that will with- 
stand the severe service. Something, no doubt, will be 
done in the near future to relieve the more severe and 
critical situations in war plants particularly. Meanwhile, 
it is necessary to design for the best compromise possible 


Fig. 3—Typical axles for wheel mounting. At (a) is drop- 
type axle, at (b) straight bar axle, (c) and (d) built-up 
axle employing channel frame and stub shafts, (e) stub 

axle, (f) clevis yoke for swivel axle 











and provide for wheel replacements. 

After the primary consideration of speed with its at- 
tendant problems is determined, the major factors re- 
maining are: 

1. Height of center of gravity relative to wheel base 

2. Turning radius required for maneuverability 

3. Stability on extreme turn 

4, Floor or surface conditions 

5. Load range, stable or shifting type 

6. Value and sensitivity of equipment. 
Each of the foregoing factors is directly affected by the 
speed of operation. Some, also, are interdependent upon 
each other. Center of gravity must be kept sufficiently 
low and wheel base sufficiently large so that no tendency 
to overturn is approached even at extreme turns. Turn- 
ing radius is usually a compromise giving as much ma- 
neuverability as is consistent with the size of the unit. If 





Fig. 4—Small cast wheels provide mobility within working 
area for welder unit 


operation in closer quarters is desired, redesign is indi- 
cated to provide a more compact unit, lower center of 
gravity, or a smaller wheel base. In some instances, it is 
possible to utilize a smaller wheel or a modification in 
wheel suspension. 

Conditions of floor dictate the minimum size of wheel 
that may be used and also the width of wheel face. The 
larger the wheel, the easier the unit can be moved and, 
when relatively long distances or frequent moving is re- 
quired, wheels as large as possible are selected consistent 
with the other design factors involved. There is no arbi- 
trary standard governing the selection of wheel size. 
Width of face should be sufficient to withstand the loads, 
to prevent marring of floors and to straddle cracks. 

If load is fixed it is possible to distribute weight pro- 
portionately over the wheels, carrying the major load on 
the larger nonswivel wheels so that the smaller swivel 
wheels or casters may turn more easily. If the load is 
“shifting” such as encountered with liquids, weight dis- 
tribution cannot be apportioned to each wheel. 

122 


Fig. 5—Grooved caster wheels running on angle-iron 
tracks in the form of inverted V-track obviate trouble from 
chips and cotter pins falling on track 


Proper cushioning and protection from shock is neces. 
sary for instruments and other mechanisms, the provisions 
depending upon their sensitivity and value. Pneumatic 
tires and spring suspension are the usual and simplest 
methods utilized. Often delicate mechanisms may be iso- 
lated separately in a subassembly. 

To dampen floor vibrations and prevent them reaching 
the X-ray unit in Fig. 1, 16-inch pneumatic wheels are 
employed. Otherwise distortion of the X-ray image may 
result. The tires also protect the equipment from shock 
when being moved from one location to another. A 6 
inch industrial plate type caster swivel is used at the rear 


Fig. 6—Below—Industrial truck utilizes disk wheels and 
solid rubber tires 
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of the machine to allow steering. Face of this caster is 
sufficiently wide to prevent dropping into cracks. 

Vibration isolation of an opposite nature is obtained 
from the rubber tires on the vibrating screen in Fig. 2. 
In this application the shaking of the screen itself is 
dampened and prevented from reaching the floor. 

Many designs of axles and wheel mountings may be 
employed to fit a certain set of requirements. A few 
types, typical of the wide variety that may be utilized, 
are shown in Fig. 3. Simplest of these is the straight 
axle, Fig. 3b, usually fastened to the machine frame with 
U-bolts, drilled brackets or through a spring suspension. 
This type of axle is used in sizes up to four inches, from 
round or square stock. To provide for large wheels and 


Fig. 7—Types of hubs. At 
(a) is plain-end hub for 
plain axle, (b) taper-axle 
hub, (c) ball bearing hub, 
(d) needle bearing hub, (e) 
hub for spiral roller bear- 
ings, (f) hub for tapered 
roller bearings 


yet keep the machine low, drop frames may be employed. 
Where it is uneconomical to offset the frame, a drop axle, 
Fig. 3a, is often used for sizes ranging from %4 to 24-inch. 

Another type frequently employed, especially where 
relatively large wheels or a minimum clearance from the 
floor are desired, is the stub axle, Fig. 3e. Plate is bolted, 
riveted or welded to a frame member. 

For heavy machines such as portable saw mills, well 
drillers, ete., axles may be built up of two channel sections 
with the axle running through the channels and support- 
ing blocks welded to the channels; or stub axles may be 
riveted between the two channel members as shown in 
Fig. 3d. A variation of this latter method involves cast- 
ing a block of steel upon a machined stub axle, Fig. 3c. 
The block is shaped for insertion between two channels 
and welded into position. 

For steering assembly, automotive knuckle type is not 
used frequently for manual or power-drawn equipment, 
nor is the fifth wheel or conventional turntable axle em- 
ployed except by wagon manufacturers. Instead, the 
usual portable mounting utilizes a clevis yoke for the 
swivel similar to Fig. 3f. A bronze thrust collar serves as 
the turntable bearing. Axle is mounted on a pin and the 
yoke is relieved at the sides to allow axle tilting. 

Wheels are either built up or solid, depending upon 
size and service conditions. Built-up wheels may utilize 
a combination of stampings and castings as well as cast or 
stamped hubs with wire spokes assembled in a rolled rim. 
Cast wheels, Fig. 4, are limited as to size and, when large, 
become relatively heavy. Where thrust and shock loads 
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are encountered, built-up wheels are indicated. 
Rubber-tired wheels are available generally in three 
types, pneumatic, zero pressure and solid, Fig. 6, the selec- 
tion depending primarily upon the amount of cushioning 
desired. Vulcanized fiber for wheels is highly restricted 
for war purposes. 
and in view of the substitutions available it may not be 
Phenolic resin 


Its use has not as yet been clarified, 


employed for wheels for the duration. 
wheels prove useful in the small sizes where quiet opera- 
tion is desired for manually-propelled equipment. Other 
special types include canvas covered wheels to prevent 
marring, floating hubs, grooved rims (Fig. 5), etc. 

Hub designs for axle mounting may be grouped into 


six typical types as indicated in Fig. 7. The hub for a 





plain axle is the simplest and cheapest mounting. It is 
utilized for equipment where ease of movement is not a 


major feature and where refinements are not warranted. 
The taper axle is essentially the same, under operating 
conditions, as the plain axle except that it may be ad- 
justed to a closer running fit and may also be adjusted 
Antifriction bearing designs included in Fig. 7 
The roller bearings 


for wear. 
are ball, needle, roller and tapered. 
are capable of transmitting high radial loads at moderate 
speeds. Tapered roller bearings are preferred for service 
where side thrust is also encountered. 

Referring to Fig. 5, grooved wheels have been the 
answer to many problems in aircraft assembly lines where 
wheel tracks formerly were channels in which the wheels 
rolled. Debris, chips and tools often would jam in the 
tracks or the wheels would bind against the sides of the 
channels. With the V-grooved wheel, inverted angle 
irons now serve as track, obviating the trouble formerly 
experienced. Cotter pins, chips, etc., fall off the track, 
allowing free rolling. 

Grooved wheels are also supplied as standard in both 
swivel and nonswivel types of casters. Part II of this 
series will discuss selection of these and other casters, 
their mountings and arrangements for various conditions 
of loading and maneuverability. 

Helpful cooperation of the Geneva Metal Wheel Co. in 
supplying information included in this article, as well as 
Figs. 2 and 7, is particularly acknowledged, as is the co- 
operation of The Colson Corp., Fig. 6, French & Hecht, Inc., 
and Picker X-Ray Corp., Fig. 1. 
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DEFLECTIO? 


Fig. 1—Mounting efficiency in terms of disturbing frequency and static deflection 


Vibration Isolation iw, 


By Paul C. Roche 


Field Engineer 
Lord Manufacturing Co, 


in concrete pavement or the peaks 
of “washboard” terrain. 
Maneuvers of military craft over 
irregular ground can also excite 
aggravating shocks. Moreover, im- 
pacts encountered in military craft 
can be of ballistic origin, due to 
discharging guns mounted on the 
craft or to enemy shells. Torpedo 
hits and near misses, as well as 
mine explosions, are responsible for 
particularly violent shocks. The iso- 
lation of forces which would de- 
stroy delicate equipment does not 
constitute the sole aim in adopt- 
ing protective mountings, as the 
equipment itself is often rugged 
enough to take it, from the strength 
standpoint. Sensitivity of opera- 
tion has to be preserved, particu- 
larly in the case of relays, circuit 


breakers, and voltage regulators, the contacts of which 
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trial equipment fall within either of two categories: 

(1) Those used to isolate, from the supporting struc- 
ture and surroundings, disturbances originating within 
the mounted equipment; and (2) those used to support 
delicate equipment, protecting it from disturbances. 

Typical of the first case are rubber suspensions used be- 
tween the engine and plane structure on modern military 
and commercial aircraft. Illustrative of the second case 
would be an instrument panel, radio, or bomb-sight re- 
siliently mounted within that same airplane. Inasmuch as 
the first case has been comprehensively treated in recent 
technical papers, the present discussion will concentrate 
on the second case. It so happens that quantitative analy- 
sis follows the same fundamentals in both cases, although 
many of the factors are individual to each case. 

The types of disturbance from which protection must 
be provided are commonly known as steady state vibra- 
tion and shock. Common sources of vibration are main 
propulsion systems, auxiliary power plants, and rotating 
or reciprocating machinery, the vibration characteristics 
varying with speed of operation and condition of loading. 
Such oscillatory vibration also occurs in an Army tank 
lumbering along at steady speed due to the recurring con- 
tact of individual treads with the suspension bogey wheels 
and with the ground. Wheel-driven vehicles may ex- 
perience similar regular vibration from contact with seams 


*Abstract of a paper presented at the recent semiannual meeting of 
the A.S.M.E. in Los Angeles. 


Pine equina E mountings applied to military or indus- 
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may open or close at in- 
convenient times due to dis- 
turbing influences. 
Whereas oscillation at na- 
tural frequency for a short 
period of time is character- 
istic of the effect of shock, 
excitation of that same sys- 
tem by a source of steady 
state vibration will cause 
oscillation of the mounted 
system at the rate of the 
impressed frequency. Be- 
cause the selection of most 
desirable mounts to isolate 


Fig. 2 — Right — Aircraft 
instrument panel using two 
mountings in series. Vi- 
bration of structure on 
which panel is mounted 
is evident from blurred 
Photographic image 
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1 iWar Machines’ 


a predominant condition of vibration is often based on 
procedure entirely different than for shock protection, a 
% logical question arises as to where the line is to be drawn 
between the two conditions of disturbance as frequency of 
impulses becomes lower and lower. The deciding factor 


peaks is whether or not the mounted equipment comes fully to 
rest between successive impulses; if it does, the condition 
it over may be treated as shock; if not, vibration prevails. 
excite Concentrating for the moment on vibrations such as may 
>T, im- occur in an aircraft instrument panel, it is to be recognized 
y craft that these may be of a translational or rotational charac- 
lue to ter. The resiliently mounted system itself has six degrees 
mn. the of freedom—three translational and three rotational. When 
pedo the word “freedom” is used in this sense it should be re- 
ell as membered that it is merely relative and that movement 
ble for might be brought about with less effort in one direction 
he iso- than in another, depending upon the characteristics of 
ld de- individual installations. 
es not If a body were free-floating in space it is readily under- 
adopt- standable that the magnitude of vibratory force reaching 
is the it from any outside source would be nil. Of course it is 


ugged impossible to realize this ideal condition with a body 
rength mounted to a structure but, by attaching through soft 


opera- mountings, it is possible to reduce transmitted vibratory 
articu- effects considerably. Naturally a resilient mounting will 
circuit sustain a steady deflection due to the weight of the equip- 


which 


ment supported; then, as vibratory impulses from the 





Fig. 3—Positive displacement exciter is used for tests on 
rubber-mounted bodies. Arrows indicate double amplitude 
of vibration at resonant frequency 


structure are brought to bear, an oscillating motion occurs 
on both sides of this statically deflected position. The 
effect of such vibration is to accelerate the mounted equip- 
ment in the instantaneous direction of the impulse, with 
the comparatively soft resilient mountings developing 
restoring effort as a state of strain is set up. But, before 
the body has moved very far, the vibratory effort will have 
changed its direction; accordingly the only part of the dis- 
turbing effort transmitted to the mounted equipment is 
that involved in deflecting the resilient mountings a dis- 
tance corresponding to the maximum relative movement 
between that system and the structure. 

It would be folly to attempt an analysis of vibration con- 
trol without first recognizing the types and frequencies of 
vibration impressed upon the particular system under con- 
sideration. Having mentioned that adequate protection 
of instruments in aircraft installations requires extreme care, 









this will be treated as a specific case. Lacking 100 per 
cent accurate balance of rotating parts, the engine may be 
expected to excite translational vibrations at one times 
crankshaft revolutions per minute (first order) in all 









directions in a vertical plane perpendicular to the crank- 
shaft axis. 

Also prominent will be a rotational trembling of the 
engine about the crankshaft axis as the individual com- 
bustion impulses tend to rock the engine intermittently 
in a direction opposite to crankshaft rotation. Occurring 
once every other revolution for each cylinder of a four- 
cycle engine, this would correspond to 4% order, or 4% 
times crankshaft revolutions per minute for a 9-cylinder en- 
gine. Analysis of the firing cycle will reveal a component 
occurring at crankshaft speed, which accounts for a first-or- 
der rotational vibration effect. Any misfiring cylinder in 
such an engine will create a power irregularity every other 
revolution, in which case a half-order rotational vibration 
would be apparent. These several modes and frequencies 
of disturbance are known to occur simultaneously and 




















continuously. 
With commonly encountered aircraft engines the idling 
speeds may occasionally be as low as 400 and up to 800 








revolutions per minute. Cruising and top speeds cover the 
range 1200 to 3000 revolutions per minute, the operating 
speeds for liquid-cooled engines extending into the higher 
part of the speed ranges. Inasmuch as the translational 
vibrations are inertia effects with forces varying as the 
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square of the speed while the rotational vibrations are not 
of great magnitude when the engine is not delivering power 
to the propeller, it has not been found necessary to give 
great concern to vibrations at frequencies corresponding 
to low idling speeds. 

So much for impressed frequencies of vibration. An 
expression for the natural frequency of a resilient mount- 
ing system is: 


188 
F,= PT Beg gn ae eR pe Reta eGatn thads or) S 


VD 





where D = static deflection, inches, existing in the mount- 
ings under the equipment weight supported, and F,, = 
natural frequency of the system, cycles per minute, in 
vertical translation. This formula can be applied to com- 
pute horizontal translational natural frequency as well by 
substituting in it an apparent deflection which is to be 
visualized as the amount rubber would deflect if actually 





Fig. 4—High frequency wave (middle) superposed on low 
frequency (bottom) results in combination wave (top) 
typical of actual vibration conditions 


supporting the same equipment weight on a unit of stiff- 
ness corresponding to that prevailing in the horizontal 
direction. 

The relationship between natural frequency of vibra- 
tion and the frequency of disturbing vibration from the 
engine occurs in the expression: 


1 


=— — . (2) 


. ( disturbing frequency \” 1 


natural frequency 








where T is the transmissibility factor or that portion of the 
amplitude of vibration that is transmitted through the 
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resilient mountings to the supported equipment. It should 
be noted that solutions of T less than, equal to, or greatey 
than unity may result, but only when it yields a decima| 
value does vibration reduction occur. Fig. 1 is based op 
this formula in which the degree of vibration reduction 
may be observed by taking into account frequency of djs. 
turbing vibrations from the engine, and static deflection iy 
the mountings under the equipment weight supported, 
This clearly illustrates that, by an intelligent choice oj 
static deflection rating in line with the disturbing fre. 
quencies encountered, the possible degree of vibration 
isolation is tremendous. It may also be seen that, under 
certain poor combinations of conditions, the presence of 
the mountings may fail to reduce vibration transmission, 
and may even aggravate or increase it. 

This latter case is known as resonance or sympathetic 
vibration, and when it occurs the natural frequency of the 
mounted system responds in step with the disturbing fre. 
quency of vibration from the engine, theoretically causing 
the amplitude of vibratory motion to become infinite. 
Particular care should be taken to insure that resonant 
speeds, of which every resiliently mounted system has one 
for each degree of freedom, occur only when excited at an 
If this is not 
entirely practical, it should at least be made to occur at a 


engine speed below the operating range. 


low idling speed or a speed known to be transient, not a 
speed at which the engine may operate continuously, such 
as take-off, cruising, or top speed. 


Example Illustrates Use of Chart 


One of six identical mounting points on the instrument 
panel of a current model two-engine Army bomber is 
shown in Fig. 2, providing a convenient opportunity for 
the application of the chart, Fig. 1. This illustrates vividly 
the effectiveness of an arrangement known as a double 
mounting, using one mounting over the other in series 
which results in double deflection. In this instance 1/16 
inch static deflection per mounting gives %-inch deflection 
per double mounting. With a disturbing frequency of 
2400 cycles per minute, corresponding to top speed, it is 
found from the chart that about 95 per cent vibration iso- 
lation will result, so it is not surprising that the movement 
of the panel is imperceptible to the camera, despite the 
fact that the vibration in the supporting structure is of 
sufficient amplitude to show a blurred effect in that part of 
the picture. 

It may also be deduced from the chart that vibrations 
at 1200 revolutions per minute, cruising, would be reduced 
by 75 per cent. Considering an idling condition at 600 
revolutions per minute, while no reduction has been ac- 
complished with respect to any low amplitude vibrations 
existing in this range, at the same time a resonant condition 
has been successfully avoided. Double-mounting installe- 
tions like that shown in Fig. 2 constitute standard prac 
tice in the protection of instrument panels and other deli 
cate apparatus in aircraft. A particularly desirable charac 
teristic of this arrangement is that it can be so installed 
as to exhibit substantially equal stiffness with respect 
horizontal and to vertical translation, by virtue of which the 
resonant frequency band is held to a minimum and isola- 
tion is insured for all three translational modes. 

The question arises as to whether vertical translational 


MacuINE Desicn—July, 1948 





mov 
only 
or W 
of re 
cate 
from 
vibré 
as a 
porte 
turb: 
assul 
meni 
sour 
It 
tics | 
corre 
maki 
by a 
to a- 
of su 
moul 
in th 
by a 
provi 
of vi 
excit 
such 
030- 
tures 
airpli 
struc 
has : 
most 
wher 
004- 
In 
stead 
ture 
spon: 
inclir 
that : 
ing v 
if sul 
struc! 
part « 
A re 
force 
perie 
and 
that 
be ck 


Th 
force 
moun 
as th 
ment 
fore | 
ness, 
flecti¢ 
that 3 
to tak 


Macu 





should 
reater 
ecimal 
sed on 
luction 
of dis. 
tion in 
0rted, 
ice of 
g fre- 
ration 
under 
nce of 
ission, 


thetic 
of the 
ig fre- 
ausing 
ifinite. 
sOnant 
aS One 
at an 
is not 
ir ata 
not a 
, such 


ment 
ber is 
ty for 
ividly 
louble 
series 
1/16- 
ection 
icy of 
|, it is 
mn 1S0- 
ement 
te the 
is of 
yart of 


ations 
duced 
t 600 
on ac: 
ations 
dition 
stalla- 
prac- 
r deli- 
harac- 
talled 
ect to 
ch the 


jsola- 


tional 





198 





resiliently mounted body can be excited 
only by a vertical translational vibration from the source 
i whether rotational motion can occur only as the result 
of rotational disturbance. It has been observed that deli- 
cate equipment for aircraft service is actually so remote 
from the source of disturbance that the individual types of 
vibration tend to lose their identities, or become “coupled”, 
as a result of which they do not reach the resiliently sup- 
ported apparatus in their initial forms, translational dis- 
turbances predominating. Accordingly it is necessary to 
assume that any degree of freedom of the mounted equip- 
ment can be excited by any mode of vibration from the 


movement of a 


source. 
It is possible to compute the performance characteris- 


tics of a resiliently mounted system (even to applying a 
correction for unsymmetrical mounting location) before 
making actual installation and to check such calculations 
by attaching the system to a test stand and subjecting it 
to a variable-speed source of vibration. Fig. 3 is a picture 
of such a test where the resonant frequency of a rubber- 
mounted body is in evidence. Oscillation of the table 
in this test device is imparted by a connecting rod driven 
by a rotating shaft through an adjustable double eccentric, 
providing means of varying amplitude as well as frequency 
of vibration. This is known as a positive displacement 
exciter. A reasonable double amplitude of oscillation for 
such a test would be 1/64-inch, comparing with .005 to 
30-inch known to be conducted through aircraft struc- 
tures. Amplitudes of 1/32-inch have been observed in 
airplanes in certain cases, which resulted in damage to 
structure as well as accessory equipment. Experience 
has shown that one can be certain of the ability of the 
most sensitive apparatus to stand up in aircraft service 
when its double amplitude of vibration does not exceed 
04-inch. 

In treating the subject of shock, close destructive ally of 
steady state vibration, it will be helpful to picture a struc- 
ture which undergoes a sudden jolt or acceleration in re- 
sponse to an impact of external origin. As this occurs, the 
inclination on the part of a body resiliently mounted to 
that structure is to continue in a state of rest. If the mount- 
ing were so soft as to exercise no restraint whatever, and 
if sufficient clearance existed between that body and the 
structure, a large relative displacement could result and no 
part of the shock would be felt by the mounted equipment. 
A resilient medium, however, will build up a restoring 
force under strain, as a result of which it inevitably ex- 
periences a degree of motion. With certain reservations 
and proper consideration of all factors it may be stated 
that for outstanding shock protection, mountings should 
be chosen to be as soft as possible. 


Mounting Must Provide Stability 


This is consistent with the knowledge that the only 
force, and consequent acceleration, transmitted to the 
mounted equipment is that developed in the mountings 
as they deflect an amount equal to the relative displace- 
ment between the supported body and the structure. Be- 
fore choosing an antishock mounting for minimum stiff- 
ness, however, it is necessary to provide proper static de- 
flection to satisfy all conditions of steady state vibration 
that may exist at the same time. Moreover it is important 
to take care that undue instability of the mounted equip- 
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ment relative to the supporting structure will not result, 
having allowed clearance to the extent of the intended un- 
restricted reiative travel. {[t is a fact that in the selection 
of mountings to protect against shock, as well as in the 
control of regular vibration, extreme deflection beyond a 
reasonable degree fails to justify itself with appreciable ad- 
ditional protection. 

The Tank-Automotive Center (Division of Army Ord- 
nance Department), in cooperation with certain of its 
contractors, has carried on a large amount of shock test 
work. Shells have been fired at production models of 
tanks and at turrets, each containing delicate equipment 
mounted on representative contrasting types of cushions. 
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Fig. 5—Damping increases transmitted vibration in work- 
ing range of application of resilient mountings, reduces 
it in amplification zone 


The shells used correspond to the most severe types fired 
against our tanks in warfare and provision was made to 
insure that the projectiles would not penetrate but would 
spend 100 per cent of their kinetic energy at the impacted 
structure. In most instances duplicate readings were taken 
of displacements, frequencies, and amplitudes of move- 
ments in the tank armor and various other elements. After 
each round a careful visual check was made to record 
damage occurring. 

Test records reveal that under impact the armor is 
subjected to high frequency motion of small amplitude, 
together with relatively low frequency motion of large am- 
plitude. It is evident that the frequencies apparent are 
natural frequencies and harmonics of the tank structural 
sections which have been excited by the impact just as 
a tuning fork can be set in motion. However, resonance 
does not exist, since the excitation is not continuous but 
practically instantaneous. While the high frequency com- 
ponents are responsible for terrific accelerations that de- 
velop highly destructive forces in rigidly mounted appara- 
tus, and thus create the principal need for protective mount- 
ings, the large amplitudes of the low frequency compon- 
ents are cause for concern since they may result in ex- 
ceeding the safe deflection limits of the flexible elements. 
Fig. 4 shows diagrammatically the composition of the vi- 
bration excited, where high and low frequency compo- 
nents jointly constitute that shown at the top of the figure. 
Considering either component individually, x, expresses 
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Fig. 6—Snubbing ‘ype mountings include conventional 

tube form (left), tube-form vertical snubbing (left center), 

sloping shoulder plate-form vertical snubbing (right 

center), and high shoulder plate-form vertical snubbing. 

Upper views show no-load shape, lower views normal 
loaded condition 


the maximum displacement, feet, whereas x is the displace- 
ment after any time t, seconds; » is the angular velocity 
of the motion—equal to cycles per second 27, giving 
radians per second. Such a sinusoidal relationship is an- 
alyzed according to expressions for simple harmonic mo- 
tion as: 





Displacement = x= XxSinwt ................ 2c eee (3) 
‘ dx 

Velocity = oy NN 1% Se NEI acl a 3 a ates Este (4) 

Acceleration= —_— I EE De Te aT ee (5) 


9 


Since acceleration is expressive of the destructive force, 
it is of chief concern. Equation 5 indicates that this 


Fig. 7—Typical load-deflection curve for vertical snubbing 
type mountings 
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reaches a maximum value equal to —x,*. Solutions of 
this expression are commonly divided by 32.2 feet Der sec. 
ond per second, enabling reference to accelerations - 
some multiple times g, that is, times acceleration of gray. 
ity. High values of acceleration, as great as several thou. 
sand g, may exist in the structure, but these are not of 
great significance when considering forces affecting resil. 
ently mounted equipment. It must be recognized that 
no accelerations anywhere near the peak figures preyaj 
over a sufficiently long time interval to permit that amount 
of relative motion to occur which would develop corres. 
pondingly high restoring forces in the flexible clement, 
Actually the structure will have changed its direction of 
motion before very great relative motion can take plac 

In terms of Equation 2 the ratio between disturbing 
frequency (from the structure) and natural frequency 
(of the resilient mounting system) is sufficiently high to 
give a low transmissibility factor when considering th. 
high frequency components, while some higher, though 
not necessarily unreasonable, transmissibility will rey} 
when substituting the lower frequency components of 
structural vibration. The benefits of a resiliently mounted 
installation over a rigid system in the presence of these 
influences is obvious. 


Mounting Stiffness Controls Transmitted Force 


Typical of the higher frequency oscillations just men- 
tioned was that set up in the hull of a light tank during 
ballistic impact testing, when a 9000-cycle per minute dis. 
turbance was recorded under the fire of a gun similar to 
that used as the principal weapon on American light tanks, 
Accelerations caused by terrain shocks and gun recoil 
do not exceed 4g, usually falling in the range of 2% to 
3%g. In a case where definite information is available as 
to the degree of acceleration that a piece of equipment 
can withstand without damage or faulty operation (which 
it is believed should be at least 10g if ballistic impact is 
likely to be encountered), and where records indicate the 
magnitude of vibratory forces impressed on that body by 
the structure, there is wisdom in adopting mountings of 
such stiffness that the force transmitted to the mounted 
system is just safely incapable of causing damage or u- 
satisfactory operation. Such a choice would be made 
in an instance where unnecessary softness had to be 
avoided for reasons of stability, ete. In arriving at such 
a compromise it should be borne in mind, however, that 
resonance produces much more severe accelerations at 
high frequency than at low frequency, should any pos- 
sibility of resonance exist. 


Use Shock Isolation Capacity of Structure 


It has been agreed, on the basis of these tests on tanks, 
that instruments are incapable of measuring, and it is im- 
possible to picture with any hope of accuracy, what hap- 
pens at the point of ballistic impact or within a radius 0 
at least a foot. To go a step further with this thought, 
it is known that the impact intensity of transmitted shock 
is reduced upon travelling through the armor, which % 
the basis of a recommendation to avoid attachment of 
equipment at positions on the tank that may be exposed 
to direct shocks by mines, bombs, or shell fire. The tank 
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structure has an inherent capacity for shock isolation, of 
which advantage should be taken. By the same token, 

ater benefit can result from mounting equipment on 
, cemparatively flexible component of the tank such as 
the turret basket. When it is impractical to avoid mount- 
ing equipment to the hull there is said to be an advantage 
incident to the use of brackets allowing a degree of per- 
manent deformation under close-by impacts, which per- 
mits relative motion without increasing the force being 
transmitted; no part of the mounted equipment should 
be closer than one inch to the hull, since displacements 
of this magnitude can and have occurred under ballistic 
impact. 

As in the other services the Navy’s problems are unique. 
To compete favorably in technical warfare involves the 
adaptation of a large amount of specialized apparatus. 
With installation space at a premium, due to limited clear- 
ance in many ship locations, the Navy is constantly con- 
fronted with a problem entailing restriction of the over- 
all travel of certain antishock mounted equipment. Con- 
sistent with a plan of providing protection from the most 
aggravating shock components encountered in naval ves- 
sels without permitting unreasonable equipment travel, 
it is becoming common practice to select rubber mount- 
ings for static deflections of .01l-inch or less, correspond- 
ing to resonance at a frequency above that impressed by 
the main propulsion system of the ship, which seldom 
exceeds 1600 cycles per minute. 


Isolation and Absorption Defined 


Two methods of reducing vibration transmission are 
those referred to as “isolation” and “absorption”, and the 
difference between the two expedients is clear cut. Isola- 
tion implies the employment of resilient cushions which 
store vibrational energy during one part of a cycle and 
release it during a later phase; all of the foregoing treat- 
ment has been based on this principle. On the other 
hand a mounting is said to absorb vibration when it re- 
ceives kinetic energy during all parts of the vibratory 
cycle yet releases none mechanically, converting it all to 
heat. Very often both these means are incorporated in 
the same system to accomplish vibration reduction jointly, 
as a shock absorber supplementing the spring of a vehicle. 
Absorption is described as having a damping effect on a 
vibrating system and is capable of reducing the motion of 
the mounted system when the action of resilient elements 
would increase it, as in the case of resonance, transient ef- 
fects, or rebound. At the same time, whenever the resil- 
ient mountings reduce the vibration, the damping effect 
detracts from the effectiveness of such reduction. 

A mild degree of vibration absorbing capacity exists 
in rubber, on the order of 4 per cent of that which would 
be required to eliminate the vibration in one-half a vibra- 
tory cycle, that is, 4 per cent of “critical damping”. Fig. 5 
shows the influence of damping on transmissibility. It is 
mportant to note that its effect is favorable at frequency 
ratios of less than 1.414, where more pronounced vibra- 
tion magnification would otherwise take place, and un- 
favorable above that value, where more effective vibra- 
tion reduction would otherwise result. The limited ab- 
sorptive capacity in rubber is akin to fluid friction, the ef- 
fect of which increases with the velocity of excitation, ex- 
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ercising negligible frictional restraint at the beginning of 
motion. The addition of absorption to a resilient support 
can, under certain circumstances, prove to be of benefit, 
but attention should always be directed to insure that all 
advantage has been taken of mounting stiffness best 
suited to existing conditions before increasing the damp- 
ing effect. 

Frictional damping is not the only means employed in 
controlling large displacements due to impacts or resonant 
vibration in a spring system. Another device in common 
use is that known as a snubber which has been built into 
mountings integrally and is referred to in this case as a 
vertical snubbing design. It becomes a justifiable matter of 
habit, in the course of working up mounting designs during 
peacetime, to adopt a vertical snubbing mounting for, 
say, a power plant in an automotive vehicle and to con- 
clude that shock control had been provided. Actually this 
is an entirely different case from those discussed in this 
article since the purpose in such nonmilitary installations 
is to limit overall movement upon encountering road 
shocks with the sole aim of preserving alignment between 





Fig. 8—Undesirable (left) and desirable (right) 
methods of mounting tall equipment. Latter provides 
necessary stability 


driving and driven equipment, and between power plant 
and frame. Reduction of forces due to such impacts was 
not demanded of the engine mounts because chassis 
springs, operating at far greater static deflection, performed 
this function effectively. 

Various commercial forms of snubbing type mountings 
are shown in Fig. 6, all of which are proportioned to pro- 
vide a small amount of travel for accomplishing vibration 
isolation within a predetermined working range and to 
limit overall movement beyond that range. Fig. 7 is a 
typical load-deflection curve for this type of mounting 
and it is to be realized that such a unit usually appears in 
a shape that is offset toward one end when not supporting 
load, in order that the application of its intended static 
load will bring it into symmetry with equal clearances ad- 
jacent to restricting surfaces at both “load” and “rebound” 
ends. Because the stiffness of the mounting is so much 
greater outside the working range, it is imperative that a 
snubbing type mount be selected only on the basis of ac- 

(Continued on Page 204) 











Controlling Properties of Powdhon 


By F. V. Lenel 


Moraine Products Div., General Motors Corp. 


OWDER-METALLURGY products may be divided 
P::. two classes: The first includes those products 

which cannot be made by other methods or at least 
cannot be made easily. In this class belong refractory- 
metal wire and sheet, cemented-carbide tools, self-lubri- 
cating bearings, electrical-contact materials, etc. The 
second class consists of those parts which can be made 
by conventional methods such as die casting or machin- 
ing of wrought or cast metal, as well as by powder-met- 
allurgy methods. It is this latter class with which this 
article is concerned. 

It is often possible to briquet and sinter to the finished 
size. In this way machining and scrap are eliminated. 
To make the powder metallurgy competitive, the savings 
effected must be large enough to compensate for the in- 
creased cost of raw material, and the higher cost of the 
powder-metallurgy processing operations, namely, bri- 
quetting, sintering and sizing. 

In some cases, where only a semifinished product can 
be briquetted, the cost of the final machining will have 
to be added to the powder-metallurgy operations in order 
to arrive at comparative costs. A complete comparison of 
costs, based upon the number of pieces to be produced, 
should also include the cost of tooling for briquetting 
and sizing, as against the tooling setup for machining by 
conventional methods. There are usually fewer opera- 
tions in the powder-metallurgy process, but the cost of 
the hardened-steel tools needed for these operations is 
not low. Furthermore, of course, it is necessary that the 
parts have mechanical properties which will be satisfac- 
tory for the service for which they are intended. 

Reference will be made particularly to parts which 
are manufactured from iron powder and which, there- 
fore. compete with those machined from steel bar stock, 
steel forgings, or steel or iron castings. In the past many 
claims have been advanced with regard to the mechanical 
properties of such iron parts, and it has been felt through- 
out the industry that a clarification is necessary as to what 
mechanical properties can be obtained consistently in 
large-scale production. 


Formulating Powder Metal Specifications 


Because of the widespread demand for specifications 
for powder-iron parts, the manufacturers of metal-powder 
products have organized a committee to prepare general 
specifications. The formulation of these specifications has 


*From a recent paper presented before the American Society of Me- 
chanical Engineers. 
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Fig. 1—Mechanical properties developed by test briquet) 
with various densities from hydrogen-reduced iron powdeh 
sintered at 2000 degrees Fahr. for 3 hours 


met with problems which are peculiar to the powder 
metallurgy process. 

In articles made by powder metallurgy, size and shape 
have a direct bearing on mechanical properties. The 
tensile strength, ductility, hardness, impact strength, ett, 
of a finished part machined from bar stock are assumed 
to be the same as those of the stock from which the piec® 
was made. In castings, coupons can be cast together 
with the casting, the mechanical properties of which cat} 
be determined, although the influence of section thick 
nesses may be important and will have to be taken into 
consideration. In powder-metallurgy, effects of size and 
shape upon mechanical properties is even more accel 
tuated and will be discussed in detail to show the reasons. 

Metal-powder parts are briquetted in steel dies and powder 





Fig. 2— 





sintered in furnaces with controlled atmospheres. After bh tons 
sintering, further processing may involve a sizing opel and har 
tion or sizing and subsequent resintering. For purposes a grade 
of this discussion, the mechanical properties of the fin- three he 
ished pieces may be described as depending upon four perature 
factors, as follows: densitie: 
1. Composition of the powder mixture Dens! 
2. Grade of powders used certain 

3. Temperature, length of time and atmosphere of the 
Macnim 
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sintering and resintering opcrations 
4, Density, resulting from briquetting, sintering and 
sizing operations. 

‘The first three of these factors have parallels in cast and 
“wrought materials (chemical composition, purity, heat 
“heatment) but the fourth is peculiar to metal-powder 
Density is also different from the other factors, 
™ because it depends, not only upon the processing, but 
Se a0 upon size and shape. This correlation between 
fae density, prvccssing, size and shape and mechanical prop- 
erties may be treated under the following headings: 

1. How mechanical properties depend upon density 

9. How density depends upon processing steps 

8. How density depends upon size and shape 

4. How size and shape influence processing. 
_ Tensile strength, impact strength and hardness, as well 
saan as the ductility, of a powder-metal part will increase with 
Sam increasing density, if the same powder mixture, quality of 
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i Fig. 2—Effect of briquetting pressures on density for test 
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‘ powder and sintering treatment are used. Fig. 1, giving 

1 the tensile strength, yield point, elongation in one inch, 

i and hardness for a number of test specimens made from 

A a grade of hydrogen-reduced iron powder and sintered 

three hours in partially combusted natural gas at a tem- 


perature of 2000 degrees Fahr., but having different 
densities, illustrates the point. 

Density of a powder-metal product will depend to a 
certain extent upon the powder mixture, the quality ot 
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the powder, and the heat treatment of the product, but 
the most important factors influencing the density will be 
the briquetting pressure used to compact the powder into 
a coherent piece, and the sizing pressure used in coining 
or cold-forging after sintering. Fig. 2 shows the corre- 
lation between briquetting pressure and density for the 
same set of specimens as shown in Fig. 1. 

The density of pieces having different shapes and di- 
mensions will be different even if the same briquetting 
and sizing pressure is used. These differences are due 
to the fact that most powder-metal parts are briquetted 
only along one axis. Therefore, the friction between the 
die and the powder will influence the density in two 
ways: With a given briquetting and sizing pressure, 
pieces which are long and slender in the direction of 
pressing will be less dense than pieces which are short 
and thick, Fig. 3. Pieces whose ratio of length (dimen- 
sion in the direction of pressing) to width (dimension 
perpendicular to direction of pressing) is large (in gen- 
eral greater than two) will have an uneven density over 
their length. If pressed from both ends they will be 
denser at the ends than in the middle, and if pressed from 
only one end, they will be-denser at one end than at the 
other, Fig. 4. 


Nonuniform Sections Require Multiple Punches 


Pieces which have a nonuniform section in the direction 
of pressing (e.g., flanged pieces) may either be made 
with single punches or with multiple punches sliding rela- 
tive to each other. If the piece is made with single 
punches the density will be higher in the short section 
than in the long section, because of the difference in the 
rate of compression of the powder. For some applica- 
tions this difference in density and the corresponding dif- 
ference in strength, ductility and hardness is permissible; 
for other pieces multiple punches are necessary to make 
the density throughout the section as even as possible. 
Fig. 5. 

As explained, a high density may be obtained by using 
high briquetting and sizing pressures. However, these pres- 
sures are limited by the pressure which the briquetting 
and sizing dies will stand without rapid failure by fatigue 
or wear. The permissible sizing pressure and, to a lesser 
extent, the permissible briquetting pressure will also de- 


Fig. 3—-Lower density of long slender part A compared 
with short, thick part B 











pend upon the shape of the piece and the design of the 
die. A punch having a thin weblike section will not stand 
as high a pressure in pounds per square inch as a solid 
heavy section. For large pieces, the capacities of the 
available briquetting and sizing equipment may also be 
limiting factors. The density which can be obtained in 
complicated pieces will, therefore, not be as high as it is 
in standard test pieces. In some cases, the lower physical 
properties, due to this lower density, may be compensated 
for by a change in the grade of powder or the sintering 
conditions, but such changes will, of course, also alter the 
cost. 

The foregoing discussion shows why it is not practical 
to set up specifications for tensile strength, ductility, etc., 
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Fig. 4—Above—Uneven density distribution for parts 


briquetted from both ends at A and from one end at B 


Fig. 5—Below—Uneven density distribution in part with 

nonuniform section when briquetted with single punch 

at A, compared with even density of similar part 
briquetted with multiple punches 





to be determined on specially briquetted test specimens. 
The properties of such test specimens would not be rep- 
resentative of the properties of a complicated briquetted 
piece, even if the same briquetting pressure and sinter- 
ing conditions were used. Neither is it usually practical 
to cut tensile or impact specimens from the metal products 
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themselves, because most parts made from powders are 
too small for cutting test specimens. For this reason it 
does not seem advisable to set up general Specifications 
for the tensile properties of powder-metal parts. The only 
specifications for iron parts in actual figures which should 
be included in a general specification are those for chem. 
ical composition and density. In order to grade parts 
made from iron powder, according to their properties. they 
may be divided into three types, as follows: 


Type A: Materials having mechanical properties similar 
to common cast iron, suitable for applications where 
the stresses are low 


Type B: Materials similar to Type A, having improved 
tensile strength, a definite yield point and a notice- 
able elongation 


Type C: Materials having mechanical properties ap- 
proaching ordinary malleable iron, suitable for appli- 
cations where stresses including impact are moderate. 


There would be no sharp lines of demarcation between 
these various types, and the division into the three types 
would be for the convenience of the user rather than for 
any fundamental reasons. The grade of powder used, the 
briquetting and the sizing pressures, the time and tem- 
perature of heat treatment would determine in what class 
a particular product would fall, changes in one or more of 
these factors possibly shifting a product from one class 
to another. The three types would be identified by their 
specifications for chemical composition and for density, 
as suggested in TaBLE I. The table shows that for parts 
with better physical properties, namely, higher strength 
and ductility, an impure product with low density would 
not be suitable. The purity rises from 95 per cent mini- 
mum iron to 98 per cent minimum iron; the density from 
5.4 to 6.5 grams per centimeter minimum. 


TABLE [I 


Chemical and Density Requirements 


Type Total Carbon, Total Iron Density 
of Material (% Max.) (% Min.) (g/cc Min.) 
A 2.5 95.0 5.4 
B 0.4 97.5 5.8 
Cc 0.2 98.5 6.5 


2 


Type A would include parts which contain up to 
per cent carbon. The carbon may be added to the 
powder mixture in the form of graphite and would con- 
bine with the iron during the sintering operation. Such 
carbon-containing parts are harder and_ stronger than 
straight iron products but are also more brittle. 


Strength Tests for Individual Parts 


Because a general specification necessarily has to be 
broad, it will be necessary to develop detail specific 
tions for individual parts. They should be set up after 
performance tests on the parts have shown that they are 
satisfactory for the application. The detail specifications 
should furnish a check on uniformity of production and, 
whenever possible, on performance characteristics. Such 
tests are as follows: 
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Crushing, radial or shear strength 
Bending or impact drop test 


emp 


Hardness at one or more specified points of the 
piece or hardness variation over the entire piece. 


Static strength tests would be suitable for pieces where 
no particular impact resistance is needed, for instance, oil- 
pump gears miy be so tested. The gear is held in a fix- 
ture and the load required to break off one of the teeth is 
determined. Hollow cylindrical pieces may be tested by 
a radial break test; the piece is crushed between two flat 
plates and the load is measured when failure occurs. 

When a certain amount of shock resistance is required 
in a piece, a bending or an impact test should be devised. 
Tests have shown that impact strength and ductility 
parallel each other. In other words, a material which 
does not show any elongation in a tensile test, or no bend- 
ing in a bend test will usually be shock sensitive. On the 
other hand, a material which has a fair amount of duc- 
tility will not break so easily under a sudden blow. 

In Fig. 6 is shown a specimen in which a certain amount 
of shock resistance is needed. This piece is briquetted 
with the long section in the direction of pressing, pres- 
sure being applied both from the top and the bottom. 
As previously explained. this piece will show some dif- 
ference in density along the long section. It will have 
the lowest density and, therefore, the lowest strength 
and ductility in the middle of the long section. The test 
fixture is so designed that the piece is bent to a specified 
degree at this, its weakest point, the idea being that if 
the piece does not fracture at this point it will be satis- 
factory throughout. Simultaneously, the point where the 
flangelike section and the long section join is tested bv 
bending the flangelike section. As previously outlined, 
the bend test will also give a good indication of the re- 
sistance to shock of the piece. 


Hardness Tests Need Interpretation 


Indentation hardness tests, like brinell or rockwell, are 
convenient for powder-metallurgy products, but it is neces- 
sary to understand the mechanism of an indentation test 
™ porous material. The resistance to indentation is a 
function not only of the chemical composition and the 
microstructure of the tested piece but also of its density. 
The lower the density the further will the indenter sink 
into the material and the lower will be the reading. Two 
nieces which show identical hardness readings may, there- 
fore, have entirely different properties. One may be low 
in combined carbon but high in density and be therefore 
ductile and shock resistant. The other may have a high 
combined carbon content but a low density and would, 
therefore, be quite brittle and shock sensitive. 

The influence of density on the indentation-hardness 
reading must also be considered when the abrasion re- 
sistance of a material is to be evaluated. Abrasion re- 


TABLE II 


Tensile Properties 


Tensile Elongation 

Type of Material Strength (psi) (% in 1 in.) 
A 15,000 Y%, 
B 25,000 3 
Cc 35,000 : 
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sistance depends much more upon the microstructure of 
the material than upon its density. For instance, an iron- 
powder piece containing sufficient combined carbon may 
be heat treated and may then be fully martensitic. Such 
a piece will be file hard, but the hardness reading on the 
rockwell C scale may be only 30. The peculiarities of the 
indentation-hardness test should always be kept in mind, 
particularly so when the hardness of a powder-metal part 
is compared with that of one made in the conventional way. 


Tensile Properties Not Included 


For the reasons outlined, tensile properties should not 
be included as part of a general specification, however, 
such properties can be and have been measured. The 
values shown in TABLE 2 were determined on special sub- 
size specimens. Typical values are given for the three 
previously suggested types of material. 

It must be admitted that the values given in this table, 
which are purposely on the conservative side, are not 
very impressive. Under laboratory conditions, it has been 
possible to obtain much superior properties and some such 
values have been widely publicized, but at the present 
time no large-scale production technique has been de- 





Fig. 6—Part with long section in direction of pressing is 
tested at section having lowest density 


veloped which would permit the manufacture of parts 
from iron powder with high strength and high ductility 
at a competitive cost. The main difficulty lies in achiev- 
ing satisfactory ductility and impact resistance, while it 
is much less difficult to obtain higher strength and high 
hardness by proper heat treatment. These heat-treated 
materials are brittle and cannot be used in any applica- 
tion where they have to withstand shock. 

In many components of small arms or of expendable 
munitions, to mention only two fields which are at present 
in the foreground of interest, an accurate configuration is 
more important than high mechanical properties. Many 
of these components are at present low-carbon steel be- 
cause that is the cheapest and most convenient materia! 
available. However, that does not mean that the physical 
properties actually needed are those of low-carbon steel. 
These are the applications where powder metallurgy is 
believed to have a field, if by this method a part can be 
made at a competitive cost and with a saving in machine 
time and in bar stock. 
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samme Left — Multiple-spindle 
femme head applied to Barnes 
See Standard hydraulic drill- 
ing unit is used in the 
drilling of holes for the 
revolving turret of the 
* M-4 tank. Gears, spindles 
and shafts are heat- 

treated alloy 


Right—Oscillating feed table with micro- 
meter stop maintains accuracy and distrib- 
utes belt wear on the Porter-Cable belt sur- 
facer. For wet operations a controllable 
water system and double spray system are 
provided. Idler or upper pulley is mounted 
on a shaft supported on a dovetailed slide 
operated by a crank to adjust abrasive belt 


Left—Conveyor chain on the 
Morrison continuous type an- 
nealing machine for steel car- 
tridge cases is actuated by a 
variable-speed drive through 
a totally enclosed worm gear 
reducer. Vertical spindles car- 
rying the cases are ‘mounted at 
each pitch of the chain and are 
rotated by an independently 
driven V-belt. Cases rotate at q 
60 to 100-revolutions 

per minute in front 

of the gas burners 


wiCROMATIC 
HONE 

CORPORATION 

m5, I 
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the Gorton automatic 


Right—Airplane en- 
gine crankshafts are 
speedily assembled 
in the Denison hori- 
zontal crankshaft as- 
sembly press. Shaft 
is locked in the fix- 





‘driven through flat end- 
met yariable- speed ture in three sec- 
itting spéeds from tions, the center section being hel 
plutions per minute. The two end sections are movable and 
speed camshaft and actuated by hydraulic pressure under con- 
tribute to ease in ob- trol of the operator 
ocks prevent camshatt 


spindle is noi turning 


Aabs Behind 


Guns 


ine listings, see page 216) 


Left—Loaded fifty-caliber 
cartridges are automati- 
cally inspected, chamber- 
checked and weighed by 
the new Sheffield Chekmatic. A 
plunger loads cartridges into 
chambers on an index wheel 
having dimensions identical 
with those on the weapons 
from which they are to be fired, 
rejecting those which will not 
fully enter the chamber under 
predetermined pressure 





“sBelow—Combination of an 

omatically controlled 

Mner with Tocco induc- 

Hon heating enables one- 

piece 250 and 500-pound 

high explosive bomb casings 

ally Sing I to be shaped in only two 

hi tinuous range of cur- operations—nosing and tail- 

rents available, the new Allis-Chalmers ing. Because the heating 

alternating-current welding machine machines could be placed 

simplifies Operation at low currents be- close to the spinners it was 

cause of high striking voltage, also possible to establish produc- 
saves power at high currents tion line procedure 


Vertical honing. Machine is actu- 
| ated by a belt-driven. spline and 
= also incorporates integral, me- 
P Chanically actuated reciprocation — 
4 of the tool. Hydraulic controls 
include automatic timer for cycle 

}of spindle head movement, while 

‘slectrical controls are entirely 

through pushbuttons 





MACHINE: Hh \DESIEN 


Standard Parts Play Vital Role 


in War Machines 


EW designers stop to realize the overall importance of their work 
E as it concerns the battle fronts thousands of miles away. The 

fact is often overlooked that it is not only through the dramatic 
exploits of Flying Fortresses, tanks, jeeps and other front-line equip- 
ment that victories are being won, but also by the attention that has 
been given to minute details of design of these and other war machines. 
Standardization is one such detail that is playing an essential role. 


To display originality the engineer’s impulse is to design com- 
ponents of a special nature, in many cases failing to consider the 
utilization of parts that are standard and commercially available. 
It is fortunate for the country that during the war, however, the idea of 
the designer in using nonstandard parts for reasons of his own—or 
sometimes as ‘the easiest way out''—has been discarded. In its stead, 
the typical chief engineer’s instructions to “use standard parts and 
stock sizes of materials wherever possible—special sizes only when 
absolutely necessary" is being much more implicitly followed. 


Indicative of the tremendous advantages resulting from this 
procedure is the recent statement of an army member of the aero- 
nautical board: “If nonstandard parts practices prevailed in aircraft 
manufacture, it is likely that a sizable percentage of our planes now 
flying would be on the ground for want of some small part with an odd- 
size thread!" 


Not the least important among other advantages of specifying 
standard parts arises from the need to utilize to the full the current 
manufacturing facilities of the country, as brought out in the leading 
article in this issue. Companies that specialize in production of com- 
ponents for machines are in a far better position to turn out large 
quantities of parts and to handle rush orders than are the machine 
builders themselves. And such specialization, in the majority of 
cases, offers promise of superior quality and performance besides 
leaving the designer free to concentrate on other phases of his work. 





Special design of complete equipment is essential to overcome 
the best the enemy can produce—standardization of details is just as fo 
necessary to facilitate production and to “keep ‘em flying”. 
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Calculating Pulleys for 


Step-Cone Drives 


By Paul Grodzinski 


ORRECT belt tension when using any step of a 
cone-pulley drive depends on accurate deter- 
mination of the pulley diameters to give the 
same theoretical belt length. While the equation 





Fig. I1—Open belt drive layout for determining 
theoretical belt length 


Fig. 2—Pulley sizes for one-to-one speed ratio are 
used in calculating diameters for other ratios 





for belt length is relatively simple to use, the in- 
verse problem of finding pulley diameters when 
given center distance, belt length and speed ratio is 
more involved. The accompanying chart, Page 138, 
enables this calculation to be made with ease and 
accuracy. 
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Basis of the chart is the well-known approximate 
equation for belt length on an open drive (see Fig. 1), 
which is sufficiently accurate for all practical purposes: 


l ) + ar (d.+d;) 4 a-6 )? 1 

= 2c-+—__—_——__ | ( ) 
. 2 4c 

where | — belt length, inches; c — center distance, 

inches; d, = small pulley diameter, inches; and d, = 


large pulley diameter, inches. When greater accuracy 
is desired d, and d, may be replaced by (d,+t) and 
(d,+t), where t is belt thickness. 

Introducing the speed ratio, k, which is equal to the 
diameter ratio d,/d, and eliminating one of the pulley 
diameters: 


d d,? 
jatet— 1664 —— ba SP .....-5,. ee. 
2 4c 


For the simple case of equal pulleys, Fig. 2, d,—=d,= 
d, say, this equation becomes: 


l=2c+-7rd) bee ie Sere hE Sw SN Oe we 0/8 wey See 7 ..(d) 


Equating the values of / in Equations 2 and 3: 
d d;* ; 
rdy=—>(k+1)+——(k-1)* Des stecnaaborteataa (4) 


For any desired value of d,/d, this quadratic equa- 
tion may be solved in the usual manner. However, 
the resulting expression is clumsy and a quicker solu- 
tion results from the following approach. As a first 
approximation the last term in Equation 4 may be 
ignored temporarily, giving as a solution: 


2d, 


Introduction of a correction factor u makes this a more 
exact relation: 


2dou 
Gd eae cuene secs ae 


The correct value of u is given by substituting the 
value of d, from Equation 6 into Equation 4 which be- 
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comes, after simplification: 


(k—1)? 


(k+1 ya 


Solution of this equation is most easily accomplished 
with the aid of the chart, Fig. 3, which gives values of 
the correction factor u as a function of the speed ratio 
k for usual values of d,/c. The basic equations for 
solving all problems with the aid of the diagram are 
summarized for convenience as follows: 


l= 2c+7dy 


l—2c 
d,=—_—— 
Tv 


rm 2dyu 
~ (k+1) 


bi 
d,.=kd, 


Fig. 3—Chart shows correction factors for calculating 
pulley sizes at any step of a cone-pulley drive 


It is worth noting that the value of u on the chart 
also indicates directly the accuracy of the common as. 
sumption that step-cone pulleys are correct if the sum 
of the diameters is constant. The percent error jp 
this assumption is therefore 100(1—uw). 


How To Use the Chart 


ExAaMPLE: A belt 60 inches long is to connect two 
shafts with a center distance of 15 inches, the speed 
ratio being 2.5. It is required to find the proper pulley 
diameters. 

From Equation 3 the pulley diameter for a speed 
ratio of 1 may be found: d,= (I—2c) /r= (60—30) 
29.55. Then the ratio d,/c—=9.55/15—=.636. With 
this value of d,/c, and k equal to 2.5, the value of the 
correction factor u is found from the chart, Fig. 3, to 
be .966. 

Diameter of the smaller pulley, from Equation 6, js 
therefore d,—2d,u/(k+1)—=(2) (9.55) (.966) 
(2.5-++ 1) 5.26 inches, and the larger pulley diam- 
eter is d,—=kd,= (2.5) (5.26) =13.15 inches. 
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SLEEVE TYPE 
BEARINGS 


Cast Bronze Bearings 
Cast Bronze Graphited 
Sheet Bronze Bearings 
Sheet Bronze Graphited 

Bronze and Babbitt Bearings 
Steel and Babbitt Bearings 
Stee! and Bronze Bearings 
Ledaloy! 
Self-Lubricating Bearings 
Electric Motor Bearings 
Automotive Bearings 
Bronze Bars 
Bronze Castings 











Any Cype 
Any Size 
Any Quantity 


OHNSON 


SLEEVE BEARING | 
525 S$. MILL STREET 
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Start with the BEARINGS 


@ Practically every day we read that a new record 
of performance has been established. One day it's 
aplane...setting a new mark for speed... or altitude 
... or distance. The next day it’s a machine tool... 
providing longer hours of operation . . . with greater 
loads and speeds. These records are possible only 
when the motive unit operates with the highest 
degree of efficiency. 


Before any motive unit can operate efficiently it 
must be equipped with the correct type of bearing 
for each application. That’s where we come in. For 
more than thirty-five years we have helped manu- 
facturers of all types of equipment select the bearing 
that will deliver the greatest performance. 


At the present, all of our manufacturing facilities are 
engaged in the production of sleeve bearings for 
armament. But our advice and counsel is available. 
Simply write us and a Johnson sales engineer will 


call on you... at your convenience. 


Che 
MOST 
COMPLETE 


sarnc | HEADQUARTERS 


SERVICE 


ee” NEW CASTLE, PA. 
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Non-Ferrous Metals 


& 


as VITAMIN “A” it provides non- 


ferrous metals and their alloys 
with greater tensile strength 
and fatigue resistance. 


as VITAMIN "B” it protects sur- 


faces against wear and corro- 
sion. 


a5 VITAMIN "C" 


polish qualities. 


a5 VITAMIN "D’ it increases duc- 


tility, extrudability and spread- 
ability. 


it enhances high 


Important military and industrial 
uses are being made today in each 
and every one of the above groups 
RPEPED 0 Lo beh’ arog oye) blolods lop ol: abt els (0 (ol mW ele Mes 
further fact is that only a percent or 
two of this so-called “ounce” metal is 
peU=1=0-to MB be Mod) Me) ME lel-Mo tole) 4-log eyo) blooe 
tions. 

If you are fabricating 

from non-ferrous 

metals, look into the 

merits of INDIUM. It 

offers many possibili- 

ties. 


THE FNDDILM corporation OF AMERICA’ 
UTICA, Nox, 


New York Office: 60 East 42nd Street 
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PROFESSIONAL 
VIEWPOINTS 


‘|. . published useful articles’ 


To the Editor: 
At various times during the past few years, Macuy; 
Desicn has published some very interesting and usefil 
articles on springs by A. M. Wahl. We are wondering if 
these articles could be had in pamphlet form or other. 
wise as they are very useful to refer to when problems in 
spring design arise. 

—A. F. Micsrata 
Vice-President & Chief Engineer 

Wisconsin Motor Corp. 


An authoritative book is now under preparation by 
Dr. Wahl on the subject of spring design which will 
be available later in the year. We will be glad to ap- 
prise MACHINE DesiIcn’s readers of the date of pub- 
lication through later announcements in the mag- 
azine.—Eb. 


** . . chart seems complicated”’ 


To the Editor: 

In MacuineE Desicn for May, page 120, there is a chart 
for frequency of vibrations that seems to the writer u- 
necessarily complicated. Omitting the constant as not 
affecting the form, and transforming the equation, there 


results 
1 1 
rok (G-+7) 
Letting 
2 ip eel 
Lh, lk M 
then 


k 
fo or k=f?M 


which is represented by a Z-chart with scales as shown 
below: 


f 


“el 








. ? , this V 
The second equation above is represented by this 
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Soe Dhardly expect an airplane pump 
to have even a nodding acquaintance 
with a coal stoker. Down-to-earth, ex- 
tremely rugged, the stoker is built with 
heavy service conditions uppermost in 
mind. It’s no surprise, then, to find 
Torrington Needle Bearings on the job 
—with their high load-carrying capaci- 
ties, and ease of lubrication. 

With aircraft pumps, the story is 
somewhat different. Here the design 
problem was not so much one of rugged- 
ness as keeping size and weight down to 
an absolute minimum. But the fact that 

shown 
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no special means of lubrication need be 
provided with the Needle Bearing soon 
had the pump people “‘weighing”’ its 
other advantages, with an eye to sim- 
plifying design and increasing produc- 
tion efficiency. 
Everyone of its features, they found, 
fitted right into the military airplane 
picture. The Needle Bearing’s compact- 
hess squarely met the problem of space 
mitations invariably encountered in 
aircraft design, and contributed im- 
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portantly, also, to weight-reduction. 
While long-life, low-cost, and ready 
availability for essential applications 
are among the significant “‘little things” 





NEEDLE BEARINGS— 
ALL TYPES—ALL SIZES 


NEEDLE BEARINGS TYPE DC 
are complete, self-con- 
tained units consisting of 
a full complement of roll- 
ers and adrawn, hardened 
outer race. They offer the 
advantages of small size, 
low cost, high capacity— 
and easy installation. 





NEEDLE BEARINGS TYPE NCS con- 
sist of a full complement of rollers 
and a relatively heavy hardened 
outer race. They are furnished 
with or without inner races. Needle 
Bearings Type NCS are adaptable 
to heavier loads than Needle Bear- 
ings Type DC. 





NEEDLE ROLLERS TYPE LN are produced ina 
range of sizes for assembly into low-cost, high- 
capacity anti-friction bearing units. Lice 4 
are designed for use in applications whic 

require assembly of the bearing on the job. 








TORRINGTON NEEDLE 





which enabled the industry to meet and 
top the staggering production demands 
of the Government’s airplane program. 


NOW CONSIDER YOUR OWN POSTWAR DESIGNS 
Isn’t there an idea in the Torrington 
Needle Bearing which you might use to 
good advantage in your postwar de- 
signs? Tomorrow’s most-wanted prod- 
ucts will be considerably lighter, yet 
capable of heavier loads... longer- 
lasting, yet requiring practically no 
maintenance attention. Let Torrington 
engineers show you how you can give 
your product these and other new-day 
advantages of the Needle Bearing. As 
preliminary information, a list of typical 
applications in Catalog 199 may prove 
helpful to you in postwar planning. 


THE TORRINGTON COMPANY 
Established 1866 © Torrington, Conn. * South Bend, Ind. 


Makers of Needle Bearings and Needle Bearing Rollers 
New York 


Toronto London, England 


Boston Philadelphia mie, 
Detroit Cleveland Seattle : 4 
San Francisco Chicago Los Angeles % “+ 
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BRUSH SPRINGS THAT 


Don'T NEED NECKS / 


—_ — 

©) (\) Breaking away from 
— = outmoded brush spring 
FORMER Ls. design, Instrument Spe- 
METHOD METHOD 


cialties Company has 
completely eliminated 
the inefficiency inherent 
in “necked-down’”’ coil 
ends on brush springs. 


BETTER 
MOTOR PERFORMANCE 
ASSURED! 


1. HIGHER ELECTRICAL 
CONDUCTIVITY 


I-S gives predictable close tol- 
erances (plus or minus .002”) on 
inside diameter of Micro-proc- 
essed beryllium copper springs, 
assuring maximum electrical con- 
tact not possible in ‘'necked- 
down" design. (The brush neck 
diameter need not be more than .G05” to .006” larger than specified ID 
of spring as compared to .020” necessary to accommodate the largest 
oversize spring made on ordinary coiling machines.) Special coiling and 
unique heat treating make possible the extremely close I-S tolerances. 


Close tolerance on Inside di- 
ameter of ‘'Micro-processed"’ 
beryllium copper brush springs 
eliminates need for necked down 
spring end, reduces side wear 
and friction, increases brush 
life. Larger brush necks are 
stronger, allow more room for 
attaching pigtail. 











2. SPRING PRESSURE AGAINST THE BRUSH 15S 
EXERTED EVENLY AND SQUARELY 





Side pressure and resultant friction is eliminated in I-S ‘‘no-neck"’ 
brush springs, and the area of contact between the brush and spring is 
increased. (Unavoidable eccentricities of conventional ‘‘necked-down" 


coils cause excessive side friction against brush holder reducing effective 
spring pressure. This friction can be overcome only by increasing initial 
spring pressure beyond optimum value, thus increasing rate of wear). 
Micro-processed brush springs will often give up to 40 per cent or more 
service by eliminating this inherent design defect. 


3. HIGHER SAFE OPERATING TEMPERATURES 





Micro-processing puts all of the exceptional spring qualities of beryllium 
copper into brush springs which will 
take operating conditions 100° F. 
higher than phosphor bronze. 


4. REDUCE ASSEMBLY TIME 


AND LOWER SPRING COST 





“No neck" springs slip easily over 
the brush neck because of predictable 
close tolerances on the inside diameter. 
In addition, every Micro-processed 
spring is a good. spring; no distorted, 
crooked springs; no rejects from brush 
pressure too heavy or too light; elim- 
ination of pig tails or shunts in many 
applications. 





Get the facts which show how 
easily you can improve the per- 
formance of brush assemblles 
with I-S beryllium copper brush 
springs. Your copy of Bulletin 
No. 5 ‘Better Brush Springs'' will 
be sent.on request. 


INSTRUMENT SPECIALTIES CO., INC. 


DEPT. ©., LITTLE FALLS, NEW JERSEY 


-- Peocissie” 











form of chart, illustrated below: 





Combining by superposing the turning scale M and 
showing also two computing secants as an example, 


q; 


Ig 


x 
x 








In this, all the scales except f are proportionally grad- 
uated and M is not graduated. 
—Carw P. Nacuop 
Nachod & United States Signal Co. 


‘| |. scale depends on range’”’ 


To the Editor: 

There are so many ways of constructing a chart to rep- 
resent a given relation between a certain number of vari- 
ables, that it is always debatable which one to choose. 
The choice usually depends upon the range of each ol 
the and the within certain 
ranges. 

In the present case, if the range of f and k had been 
small, the type of chart suggested by Mr. Nachod would 
have been selected, but the value of f running from 5 to 
500 makes it difficult to construct a natural square scale 
and have the same degree of accuracy over the entire 
range. This is the reason why a logarithmic scale was 
used in the prepared diagram. I believe that the addi- 
tional step necessary in reading the chart is well war 


variables accuracy desired 


ranted under these conditions. 
—R. D. Douc.ass 


Massachusetts Institute of Technology 


‘* | trying to find answer” 


To the Editor: 

Your article “When Helical Springs Buckle” in the May 
issue of Macuine Desicn has interested the writer very 
much, because for years he has been trying to find this 
answer. 

We at once checked the formula on an air valve spring 
which we are using now. It buckles slightly and can be 
used on the engine but, before we go into production. 
the spring should be redesigned to eliminate the buckling: 
Characteristics of this spring are 
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NICKEL AIDS THE AUTOMOTIVE INDUSTRY 


to KEEP Em Rotuine/ 


Using ingenuity and “know-how” born 
of long experience, automotive engi- 
neers designed the phenomenally suc- 
cessful transport equipment that now 
speeds the United Nations on the road 
to Victory. 


Built to take punishment far above 
peacetime requirements, these spe- 
tialized military vehicles are being 
Produced in quantity by the mass- 
production methods that have amazed 
the world. From North Africa to the 
South Pacific, these trucks, jeeps, tanks 
and half-tracks have repeatedly met 
wartime demands for stepped-up per- 
formance, 


This kind of engineering-thinking 


pioneered the appiication of Nickel 
alloyed materials. Now, when uninter- 
rupted operation is so vitally impor- 
tant, the continued and widespread use 
of Nickel is clear evidence of its many 
advantages. 


In steering knuckles or differentials, 
in forged gears or cast blocks, a little 
Nickel goes a long way to provide es- 
sential dependability. It improves 
strength/weight ratios, increases wear 
and corrosion resistance, imparts tough- 
ness, and assures uniform properties of 
the other metals with which it is com- 
bined. 


Today, maintenance crews on far-off 
battle fronts are learning what metal- 


lurgists and engineers here long have 
known ...that, properly used, Nickel 
aids to “keep ’em rolling.” 

For years the technical staffs of In- 
ternational Nickel have been privileged 
to cooperate with automotive engineers 
and production men...men whose 
work is now so necessary to the Nation. 
Counsel, and printed data 
about the selection, fabri- 
cation and heat treatment 
of ferrous and non-ferrous 
metals is available uvon 
request. 


* Nickel * 


[FQP,VICTORY 
a 






For lists of current publications, please address Technical Library Service 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York, N.Y. 
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Reliable today devotes almost its 

entire output to combat facilities. 

We make to your specifications all 

types of extension, compression and 
torsion springs of round or flat wire—clips, 
hooks, bends, shapes, and other wire forms— 
and light stampings from spring stock. Our 
craftsmen are expert on difficult and unusual 
problems. In our large stock of many-purpose 
jigs and fixtures, we often have at hand the 
—-* tool equipment for the spring you 
need. 


Reliable Springs are now ‘‘drafted for the 
duration’’ for aircraft and aircraft engines, 
tanks, small arms, artillery, ammunition, con- 
trols, electrical equipment, machine tools, 
instruments, motors—all the machinery of 
war. When Victory is won, and industry 
returns to its normal functions, remember that 
Reliable is splendidly equipped and manned 
to engineer and supply your usual spring 
requirements. 


Send us your drawings and specifications. 


The Reliable Spring & Wire Forms Co. 
3167 Fulton Rd. Cleveland, Ohio 


Representatives in Principal Cities 


YOU CAN RELY ON AINELH LH 


ee ee 


Ci = 33.5 pounds per inch deflection 
d= .244-inch wire 
n= 13% active coils, ends closed and ground flat 
Mean diameter = 2.244 inches 
r= 1.122 inches 
l./r= 11/1.122=9.8 
Factor Cz = .53 


then 
Per =.53 x 11 x 33.5=195 pounds. 


Still, when the spring is compressed into precompressed! 
condition (static) to 6%-inch length, the load is only 15f) 
pounds and a slight buckling occurs. : 


—H. Scureck, 7 
Fairbanks, Morse & Co, 


‘| . . is necessary to allow margin” 


To the Editor: 

With reference to Mr. Jackson’s letter, he has calculated 
the buckling load of the spring by assuming built-in ends 
(i.e. the upper curve of Fig. 5 of the writer's article). In 
most practical springs, however, the condition of built-in 
ends is not perfectly realized and for this reason the actual 
buckling load will be below that calculated on this basis. 

The writer believes that the difference between the) 
calculated value of 195 and 151 pounds, at which slight” 
buckling was observed is probably due primarily to the” 
fact that the ends of the spring are not perfectly fixed as” 
assumed in the calculation. Even if the spring is com 
pressed between heavy plates which remain absolutely 
parallel, the presence of the end turns introduces a cer 
tain amount of flexibility as well as eccentricity, which in 
turn reduces the buckling load below that calculated on 
the fixed-end assumption. Any flexibility present in the 
supporting structure will also add to the present due to 
the end turns. 

Although available test data indicate that the formulas 
given in the paper are sufficiently accurate for most pur- 
poses provided the end conditions are known, it must be 
admitted that such test data are comparatively meagre. 
For this reason, further tests on actual springs to deter- 
mine the effects of deviations from the ideal conditions 
would be highly desirable. Such deviations include not 
only lack of complete fixity of the ends, but also initia 
variations in spring dimensions, eccentricity of loading, 
lack of parallelism of ends and other factors. When the 
results of such tests are available, the designer will be 
able to form a better judgment as to the required m@ 
gin of safety between the actual and calculated load 
the so-called fixed-end condition. In the absence of ¢ 
perimental data, use of the lower curve of Fig. 5 ( of the 
writer's paper) based on the assumption of hinged ends 
should yield safe values of the buckling load, but is prob- 
ably unnecessarily conservative in most instances. 

The writer appreciates the example cited by M- 
Schreck, which shows that in design it is necessary t0 al- 
| low some margin between the actual load and calculated 
| buckling load if fixed-end conditions are assumed. 

—A. M. WasL 


Westinghouse Elec. & Mfg. Co. 
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HILLS-McCANNA_ 
MAGNESIUM ALLOY SAND CASTINGS 


. are in use today throughout the 
\ aircraft industry, wherever the com- 
bination of light weight with great 
strength is a factor. Although our 
complete facilities are now engaged 
in war production, there is certainly 
no better time for you to look ahead 
and discuss with us your projected 
_ peace-time plans and products. 
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Aircraft Nut for Rolled Sections 


AN ENTIRELY 
new Speed 
Nut has been de- 
veloped by Tinner- 
man Products Inc., 
2085 Fulton road, 
Cleveland, fora 
more rapid assem- 
bly of conduit, pip- 
ing and wire harn- 


aren | 





esses in aircraft. 

This nut, Type 6337, is of special aircraft spring steel 
with a zinc metal spray finish, and is designed to quickly 
snap around rolled sections or stringers, eliminating need 
of drilling holes which weaken the structure. Legs are 
forced inward to give a firm spring tension grip as the 
screw in the nut is tightened. It is made for 8Z and 10Z 
sheet metal screws and for various “Z” stringers. 


Midget Variable-Speed Drive 


OR use in the “flea-power” range, Graham Transmis- 

sions Inc., 2706 North Teutonia avenue, Milwaukee, 
6, Wis., is offering its new Midget variable-speed drive. 
Weighing only 8 pounds complete with motor this drive, 
known as Model 15, is applied to motors of not more 
than 1/15-horsepower. Identical in design principle with 
the larger units manufactured by the company, using fully 





standard ball bearings, the variable-speed transmission is 
available in torques ranging from 4 inch-pounds at maxi- 
mum forward speed (for 3600 revolutions per minute in- 
put) to 8 inch-pounds in reverse; or from 1 inch-pound 
at maximum forward speed (for 1800 revolutions per 
minute input) to 2 inch-pounds at reverse. Output speed 
range is from 700 revolutions per minute to zero, or if 
it is desired to reverse the output shaft without reversing 
the motor, the range is from 400 revolutions per minute 
forward to 400 reverse. Instantaneous and shockless re- 
versal is due to the low inertia of parts (output shaft and 
gear only), the high-speed parts connected to the motor 
continuing to turn at all times at constant speed. The 
new model is adaptable to various controls. Overall 
length including input and output shaft extensions is 75s, 


146 


depth with adjustable mounting legs 4%s inches, aj 
height from base to top of motor 4% inches. 


Versatile Coolant Pumps 


ACH available in seventeen standard sizes, three ney 

coolant pumps have been announced by Pioneer 
Pump & Mfg. Co., Detroit. 
sured, the possibility of causing scrap due to pump failure 
is greatly reduced. Another feature of the pumps is their 
versatility of application, permitting interchangeabilit 
Model VBD in this group 


Since constant flow jis a. 


with other makes of pumps. 





has three outlets to permit piping on either right or left 
side, or back into coolant sump through intake bracket. 
Another model, known as VA, is used where submersion 
in coolant sump is more practical or less objectionable 
than outside mounting. Model VC is designed for ex 
ternal use where a tank cannot be utilized etticiently. 


Lightweight Switch for Aircraft 
ESIGNED spe- 


cially for airerait 
ap plications wher 
space is limited and 
where severe vibration 
conditions are encoul 
tered, General Electric 
Co.’s new small, light 
weight, dust-tight 
switch has a_ contact 
mechanism of the snap- 
action, double-b re ak 
type. For use in a wide 
range of ambient tel 





peratures — from 
degrees Cent. to —40 degrees Cent.—the switch is cor 
rosion-proof, meeting 200-hour salt water tests, and 8 
suitable for altitudes from sea level to 40,000 feet. It® 
1943 
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BOTTOMS UP! 


of a hand valve 


... and VIM-packed pistons do the trick! 


Steel cars that dump to either side—that can 
be unloaded from the locomotive by turning 
an air valve—are manufactured for mines and 
industries by the Differential Steel Car Co., 
Findlay, Ohio. 

The dumping action is performed by power- 
ful telescoping air cylinders. At the end of the 
stroke, the operation is air cushioned to min- 
imize shock, preventing derailment or damage 


to car or track. 


This is but another use for VIM Leather Pack- 
ings, popular over all industry for hydraulic 
and pneumatic service. They're impregnated 
to hold the medium, engineered for the partic- 


ular installation. 


If you need design counsel on packing 
problems, please feel free to use our engineer- 
ing services. Write to E. F. Houghton & Co., 
303 West Lehigh Avenue, Philadelphia, Pa. 





VIM Leather “U” Packings are 
installed to hold the air, pre- 
venting leakage and assuring 
positive control. The stacks of 
packings shown below were 
photographed prior to be- 


ing shipped to that customer. 


VIM Leather Packings are supplied in Cup, 
Flange, “U“ and “V“ forms, also washers 
and gaskets of many shapes. Write for 














abbreviated catalog. 


HOUGHTON'S 


nyineerted 
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METAL 
SPINNING.. 


Helps Drawing Board 


Dreams Come True... 


— 7 ye 





ARE your blueprinted ideas gathering dust 
because you are stumped for a way to get 
formed metal parts in a hurry? 


Then use Metal Spinning. You'll save time 
and expensive die costs. 


Whether your problem involves limited or 
volume production, pre-market samples, or 
redesigning, you'll find that Spincraft prob- 
ably has the answer. ‘ 


Right now, Spincraft is compiling a valuable 
data book on the versatility and adaptability 
of Metal Spinning to all industries. You'll 
need this information, so get on the mailing 
list today by writing for Bulletin A: ‘Why 
Metal Spinning is so important to Industry.” 





REG. U.S, PAT. OFF. 


MILWAUKEE METAL SPINNING COMPANY 
3504 West Pierce Street, Milwaukee 14, Wisconsin 
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a spring-return, plunger-operated type switch with a 7 39. 
inch overtravel, and can be mounted either on the cover or 
opposite side, thus facilitating operation of plunger fron 
either right or left. Available in three different contag 
arrangements—single-circuit, normally open; single-cir. 
cuit, normally closed; and two-circuit, normally open 
normally closed—the switch is furnished with either die. 
cast zinc or die-cast aluminum housings and with either 
solder lug connections or, in the single-circuit forms, with 
an AN connector insert built in the AN threaded nipple of 
the housings. For use in locations where mud and sand 
are encountered, it is also available with a rubber bog 
mounted over the plunger mechanism. 


Safety Control for Welders 


NNOUNCED by the Industrial Controller division of 
r Square D Co., Milwaukee, is a safety panel which 
eliminates the hazard created by high, open-circuit volt. 
ages of transformer type alternating-current arc welders, 
By automatically disconnecting the welder transformer 
after the are is broken, operator injury is eliminated, 
Transformer is automatically reconnected the instant op- 





erator touches the electrode to the work. Saving in power 
is effected when a number of welders are used on a single 
power system because the welding transformer primal) 
circuit is connected to the power line only while the arc 
is held. The panels can be used with any make or mode! 
of alternating current transformer type arc welder. Ex 
ternal connections are simple and internal connections ot 
the welder need not be disturbed. 


Electro-Thermostatic Flow Switch 


ETECTING the lack of proper cooling water ™ 
quired for adequate cooling of ignitron tubes in 
resistance welding and other applications, a new elect 
thermostatic flow switch has been made available by 
Westinghouse Electric & Mfg. Co. Designed for uw 
where a liquid for cooling is employed or where a smooth 
positive acting flow switch is required, it consists of a 
100-watt transformer having a one-turn secondary shor 
(Continued on Page 154) 
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THE 


In all branches of transportation there is an 
eager desire to keep equipment fully abreast of 
the times—to take every advantage of develop- 
ments that economize power and increase 


speed, efficiency, convenience, comfort. De- 
signers of buses, railroad equipment and all 
other units of transportation are therefore keenly 
interested in a material that is supreme among 


DOW CHEMICAL 


COMPANY, 





all practical weight-saving metals. Magnesium, 
extracted by Dow from sea water and Michigan 
brine, is the lightest of all structural metals. At 
present the bulk of this production must go to 
the makers of our aircraft. But when peace 
returns magnesium will play a mighty role in 
the further development of every medium for 
the transport of both passengers and freight. 


MIDLAND, 





BONDS BUILD BOMBERS 


MICHIGAN 


MAGNESIUM 


PRODUCER SINCE 1916 
FORGINGS ° SHEET ° STRIP . 
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J short 
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Strangely enough, the average 


man does! Much as we all detest 
war the fact is that under its stim- 
ulation a nation always develops 
new products “ ith infinite peace- 
rarer ramis oo) bre telelel wae Memertcom reese. 
of fantastic devices have been cre- 
ated for war purposes which one 
day will contribute mightily to the 
American Way of Life. Weather- 
head is. producing at the rate of 
millions every day many products 
that have peacetime application. 
Just as we've helped build cars, 
planes and refrigerators in the 


past, Weatherhead is well pre- 


pared to help you build the many 


new products of the future. 


Look Ahead with @® 


Weatherhead 


THE WEATHERHEAD CG., CLEVELAND, OHIO 


Manufacturers of vital parts for the automotive, 


aviation, refrigeration and other key ndustries. 


Plants: Cleveland, Columbia City, Ind., Los Angeles 


Canada—St. Thomas, Ontario 





(Continued from Page 148) 


circuited through a piece of high resistance stainless sted 


tubing through which flows the water from the ignitrop 
tubes. A normally closed, two-pole thermostatic switch js 
used, it is available in either a 1% or 3% gallons per 
minute size in both a 25 or 50/60-volt rating. Othe 





voltage ratings may be obtained by supplying an auto. 
transformer. To insure against excessive tightening of 
switch elements, the switch is furnished with a spring 
mounting, with or without enclosing steel cabinet. Space 
required for mounting is approximately 7 x 9 x 5 inches. 


Totally Enclosed Motors 


ECENTLY added to the group of Tri-Clad motors 

furnished by General Electric Co. is a new line of 
totally enclosed motors which are available in both the 
polyphase, 60-cycle, induction type and the single-phase, 
60-cycle, capacitor type. These motors are especially de- 
signed for use under conditions where abrasives, chemi- 
cals, rain, snow and excessive dirt are encountered. Hav: 





ing all the basic features of the Tri-Clad group, the poly: 
phase motors are available in frame sizes 203 to 225 and 
include %, %4 and 1-horsepower motors at 900 revolu- 
tions per minute; 34, 1 and 1% horsepower at 1200 
revolutions per minute; 1, 1% and 2 horsepower at 
1800 revolutions per minute; and 1% and 2 horse 
power at 3600 revolutions per minute. The single-phase 


type motors are furnished in frame sizes 203 and 204, 


‘and include % horsepower at 1200 revolutions per min- 


ute; 1 and 1% horsepower at 1800 revolutions per min- 
ute; and 1% and 2 horsepower at 3600 revolutions 
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With Exclusive ‘‘VaneType’’ Variable Volume Feature 


Racine Hydraulic Pumps are the most 
modern “source of force” for clamping, 
forming, moulding, feeding, bending, 
lifting and many other metal working 
operations. 

Racine Pumps operate at reduced 
horsepower, because the flow of oil is 
automatically varied according to the 


amount of oil required to do the job. 
Made in three sizes—0-12, 20 and 30 
gal. per min. at 50 to 1000 Ibs. pressure 
per sq. in. Equipped with standard auto- 
matic pressure controls; or with Sole- 
noid, Lever or Hydraulic two-pressure 
control; or with Handwheel or Lever 
for manual volume control. 


RACINE OIL HYDRAULIC VALVES 


With Balanced Piston—exclusive ‘Sleeve Type”’ 
construction. Piston always in alignment, cannot 
sag. Unique porting design reduces hydraulic 
shock. Also special porting arrangement to fit your 
job. Made in %” to 12” standard pipe sizes with 
mechanical, electrical or manual operating devices. 


RACINE HYDRAULIC METAL CUTTING MACHINES 
The Production Saws of Modern Industry 


Racine’s Metal Cutting Machine line is complete 
for either general purpose or production cutting. 
Models are available in a wide range of prices and 
sizes. Racine Saws feature hydraulic control of pres- 
sure and feed for fast, accurate and efficient metal 
cutting. Capacities 6" x 6” to 20” x 20”. 


Write today for complete information and prices. Racine offers a complete 
service for your hydraulic problems. Address Dept. MD-P. 
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Q5 GALLONS OF OIL 


KEPT AT 310 F WITH 


3 G-E IMMERSION HEATERS 


HIS is just one 
example of what 
this versatile midget 
heater will do. You 
can build it into 
machinery for local- 
ized heating of almost 
any liquid. Water, 
oils, and mild chemical solutions 
desired temperatures automatically. 


G-E IMMERSION HEATERS are available in a wide 
range of sizes and shapes, making them suitable to fit into 
machinery of practically any type. They are easy to in- 
stall, and provide an economical means of heating. They 
are made with a threaded head to ‘‘screw-in’’ the side of a 
tank, or can be formed to hang over the side. Any number 
of formations are possible to satisfy the requirements of 
your specific machine. Made of sturdy G-E Calrod con- 
struction, and permanently sealed against moisture. 


FOR FULL INFORMATION about G-E immersion 
heaters, write for Bulletins GEA-3601A and GEA-214E. 
General Electric Company, Schenectady, N. Y. 


S 


all can be kept at the 


Typical Machine Applications 


@ industrial @ Oil-puritying ©@ Stills and 
cleaning tanks equipment sterilizers 
@ Oil pre-heaters © Steam @ Paraffin - coat - 


@ Oil separators e a seeenaad ing machines 


*Three 4000-watt, 230-volt Calrod 


GENERAL {% ELECTRIC 











immersion heaters, 
Cat. 32x827, @ $30.45; one thermostat, Cat. 2992,@ $13.00. 
Total $104.35 (for heating a 95-gal tank of rust-proofing oil). 








per minute. Mounting dimensions are interchange. 
able with Tri-Clad open motors of the same rg. 
ings. Triple protection, against physical damage, ele. 
trical breakdown and normal operating wear and tear, js 
provided in the motors. Exceptional resistance to ¢q. 
rosion and blows because of the cast-iron trame end shields 
and conduit boxes is also a feature. Liquids are prevented 
from seeping into the motor by leads permanently ¢. 
cased in compound in a cast-in pocket in the stator frame. 
Further protection is provided by a rotating labyrinth seal, 
preventing dirt, oil or water from entering the bearing. 


Tandem Controls Announced 


“\y EVELOPED to meet certain radio and electronic te. 
quirements calling for single control of several cir. 
cuits, the No. 42 series control introduced by Clarostat 
Mfg. Co. Inc., 285-7 North Sixth street, Brooklyn, cap 
control a plurality of circuits—up to two dozen. The 
new design of case for each unit permits nesting and lock. 
ing into a compact stack. Metal end disks and tie rods 





hold cases together and provide further rigidity. The 
single shaft passes through the locks with each rotor in 
the stack. All units of the control pass through the same 
degree of rotation as the single shaft is rotated. Indi- 
vidual units can be of any standard resistance, taper, taps 
and hop-ofts to meet individual circuit requirements. Since 
the number of sections and values vary, these series con- 
trols are made for special orders only. 


Sealed Aircraft Switches 


EALED in cases 

to protect their 
contacts against 
hazards of dirt, dust, 
sand and oil, Nos. 
A3 and A5 single- 
pile, single-throw 
switches oftered by 
Allied Control Co., 
2 East End avenue, 
New York, are find- 
ing acceptance tor 
electrical control | 
units for the newest types of aircraft and ground equip 
ment, especially where climatic conditions cause failure 
of ordinary types of equipment. Operating charactems- 
tics of the switches are: For A3 type, normally closed, 
double-break; for A5, normally open double-break; co 
tact ratings, noninductive, 5 amperes at 12 and 24 volt 
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The A Tribute for Outstanding 
tor in . - 
pe Gear Production 
p For outstanding gear production—gears long noted for 
; _ their dependability, accuracy and adherence to close 
= tolerances—Alloy Steel Gear & Pinion Company have 
been awarded the Army-Navy ‘“E”’ for Excellence. 
Ten active years in the gear business have given us a 
background of experience that makes it possible for us 
to produce even better gears now—faster than ever 
before. 
A tribute to the loyalty and industry of our employees 
is our new, modern building which is better equipped— 
Manufacturers of Spur gears for transmissions better able to produce more gears for Victory. 
and industrial purposes; Worm gears and , 
worms; Bevel gears; Mitre, Helical and Special Alloy’s record-breaking output of gears for the artillery, 
gears; made from all types of materials. gears for tanks and other mechanized units together 
with Naval equipment is their important contribution 
to the war effort. Keeping "Em Rolling and Firing 
will continue to be our big wartime job until Victory 
is won! 
oquip- 
‘ailure 
cteris STEEL GEAR & PINION COMPANY 
“a 4847-49 W. DIVISION STREET e CHICAGO, ILL. 
; Com 
volts 
INVEST IN VICTORY....BUY WAR BONDS AND STAMPS REGULARLY 
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direct current and 110 volts alternating current; opera. 
ing pressure, 142 to 3% pounds; plunger travel, .006 to 

| .012-inch; overtravel, .05 to .07-inch at maximum pres. 
sure; vibration, 10g for either horizontal or vertical posi. 
tions; weight, 5 ounces; dimensions, 1 15/16 x 1 15/16, 
1 19/32 inches. 


Locking System for Fastenings 


ROBLEMS of perma- 

nent installation of 
fastenings have been 
solved by Jose Rosan, in- 
ventor of the Rosan lock- 
ing system for threaded 
inserts and studs, which 
are now being manutac- 
tured by Bardwell & Mc- 
| Alister, Hollywood, Calit. 
| The principle of the new 
locking system is simple. 
A locking ring serrated in- 











WEVE COME A LONG WAY | side and out engages its 

1 . HOPG | inner teeth, where in- 

*K SCIOCE SDL | stalled, with a serrated 
collar on the insert or stud. Outer teeth broach their 
| peer it out for yourself! In 1929, Bruning introduced way into the softer material when struck. The insert or 
the first successful direct printing process for making stud thus becomes an integral part of the softer material 
Black and White (black line) prints. Since that time, Brun- and the serrations prevent the ring from turning. Uses 
ing research has been constant, Bruning progress in BW of this system and types of studs and inserts manutac- 
Prints steady. tured under it are numerous. One application is for 
That’s why Bruning BW Prints are the preferred black fastening plastic noses on bombers; another for electrical 


panels. A spark plug type insert is also oftered which 
can be inserted into an aluminum engine block, while a 


; ; cone sealed type of insert is used for gases and liquids 
BW Prints offer you the big advantage of exposure and under pressure. 


development in a few seconds. When developed, prints are 
instantly ready for use . . . delivered dry. No complicated 
plumbing or electrical connections. 


line prints today ... why they are used so widely instead 
of blue prints. 


Lightweight Aircraft Contactor 


What is more, you can buy BW paper in sizes cut to fit 


your tracings—eliminating the expense of waste and trim- SPECIALLY effective for controlling solenoids and 
ming. You can have cut-sheet production in quantities un- _4 small motors in aircraft, a new contactor has been 
obtainable with a continuous blue print machine. made available by General Electric Co. for use where 


Easy to read, easier to check, faster than blue prints in 
every way, Bruning BW Prints are America’s first choice. 7 - = 














Make them yours—write us for illustrated booklet. Charles A: 
Bruning Co., Inc. ol 
of 
The Bruning Volumatic exposes go 

and develops prints in a few 
seconds—requires only one oper- by 

ator for big-volume production. 
m 
fiv 
Ca 





SINCE 1897 | 
NEW YORK « CHICAGO « LOS ANGELES l 


Branches in 14 Principal Cities 





reliable performance under adverse conditions is needed. 
Conforming with the specifications of the Army Air Force, 











Sensitized Papers and Cloths...Drafting and Engineering Supplies and Equipment it is furnished in two sizes—50 and 100 amperes. The ~ 
—— size of the 50-ampere type is 25/16 x 2 inches, weight ~ 
M 
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BUTYL RUBBER | 


{LHE NEOPRENES 


















WHAT IS 
WHERE IS IT USED? HOW DOES IT COMPARE WITH 
NATURAL RUBBER? You'll find the answers in this new book 


As the supply of natural rubber diminishes, undoubt- and how to compound them. We work with all 
edly more and more mechanical goods will be made _ five types; use the type available that is best suited 
of synthetic rubber... hose, belts, packings, molded for the purpose. 
goods, tank linings, and other rubber products used You can get an over-all picture of the properties 
by industry. and characteristics of synthetic rubber in the new book 
Having worked in the field of synthetic rubber for _ recently published by United States Rubber Company. 
more than twenty years, we know what each of the A request for "The Five Commercial Types of Syn- 
five types will do; what chemicals such as sulfur, thetic Rubber” made on your company letterhead will 
carbon-black, or ultra-accelerators must be added, be filled promptly. Address your letter to Dept. 10. 


UNITED STATES RUBBER COMPANY 


nclrork foc Philharmonic Symphony program over the C B S 1230 SIXTH AVENUE + ROCKEFELLER CENTER - NEW YORK 


Sunday aft ; : a D 
Sadun ast domes tat ad tkenidcloninane IN CANADA: DOMINION RUBBER COMPANY, LTD. 
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There is a great difference between a com- 
pressor pulley and a turret column, yet the 
castings for both require characterictics found 
in ABSCO Meehanite. 

ABSCO Meehanite is not just another cast iron 
but is the name of a number of irons, twenty- 
one in all, each having a different combination 
of physical properties aimed toward meeting a 
distinctive need. There twenty-one types of 
ABSCO Meehanite are produced under four 
general classifications: 1. General Engineer- 
ing; 2. Heat Resisting; 3. Wear Resisting; and 
4. Corrosion Resisting. 

Standard ABSCO Meehanite Castings provide 
high strength, vibration absorption qualities 
and best machinability. We will be glad to send 
full information concerning the physical proper- 
ties of each type and a description of the vari- 
ous combinations which are available. We will 
also be glad to explain the many reasons why 
ABSCO Meehanite Castings are uniformly sound 
and dependable and how they are produced 
to close engineering specifications for impor- 
tant industrial applications. 


3285 








Brake Shoe 


~~ 


BRAKE SHOE AND CASTINGS DIVISION 
230 PARK AVENUE NEW YORK,N. Y. 
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DISSERTATIONS ON 


4%4 ounces; the 100-ampere type is 23/, x 25 inches and 
weighs 11 ounces. The unusual light weight of the cop. 
tactor is due largely to its balanced armature construe. 
tion. It can be mounted in any position on either 4 
metal or nonmetallic base, and is suitable for use at al- 
titudes from sea level to 40,000 feet. 


Nonpriority Wrinkle Finishes 


EVELOPED by Maas & Waldstein Co., 438 River. 
| side Drive, Newark, N. J., a new line of wrinkle 
| finishes known as “Victory” finishes have been announced. 
| The new finish closely resembles standard wrinkle finishes, 
| manufacture of which is restricted for a few special appli- 
| cations and soon is to be prohibited entirely due to China- 
'wood oil shortage. Hard, durable coatings are formed by 


-| the new finish, which covers rough metal surfaces effec. 


tively in a single coat. It is applied in regular wrinkle 
patterns by the sarne methods as these and is obtainable 
‘in a full range of colors. 


Multiple-Terminal Block 


| OR subpanel and chassis construction, with feed- 
|4 through terminals, a new multiple-terminal block has 
| been introduced by Curtis Development & Mfg. Co., | 

North Crawford avenue, Chicago. Designed to meet to- 
'day’s demands of electronic and electrical design requir- 
'ing external terminals, the terminal block consists of in- 
| dividual feed-through terminals, mounted in_bakelite, 


‘which are permanently held in a metal strip in any com- 





Blocks have any number of units be- 


‘bination desired. 
'tween 1 and 10, but because of the unique sectional de- 
| sign, they can be supplied with any number of terminals. 
Terminals have ample clearances and leakage distances 
for circuits carrying up to 300 volts, 20 amperes. Center 
| to center distance between terminals is 56-inch. No. 8 


| 


screws are used for securing connection, and in the 
mounting holes at each end of the terminal base. 





Material for Nameplates 


| OR instruction plates, dials, etc., Colonial Brass Co., 
Middleboro, Mass., has developed its material known 

as Coballoy as a substitute for critical metals such as steel, 
| brass, zinc and aluminum in conjunction with the Conset- 
|vation Branch of the War Production Board and the 
‘Armed Services. Coballoy can be furnished in raised 
or sunken letters and the quantities can be large or small. 
It is available in two hardnesses, soft and hard, the soft 
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Parts fora pump-base are stack cut—ten ata 
time — on an Airco No. 6A Oxygraph gas cut- 
ting machine. 





feed- 
chs | Featuring: 


0., | 


cic | FLAME CUTTING and ARC WELDING 

















f in- 
elite, Simple, sturdy, and economical—these traits distinguish 
com- ° e ° ° 
this pump base which was designed and built by Avery 
and Saul Company, Boston, Massachusetts. 
Taking full advantage of the flexibility offered by flame- 
cutting and arc welding, this manufacturer achieved 
ys Here are the flame-cut shell parts,each 1-4" thick, 
both speed and economy in producing these bases. y | before and after separation. These parts are next 
rolled to the required curvature. 
This modern metal fabrication team offers advantages 
be- that can simplify many metal working problems. For 
de- ‘ ‘ P . , 
vals full details and engineering aid on versatile oxyacety- 
nces lene and electric arc processes, get in touch with your 
nter ‘ . 
me nearest Air Reduction office. 
the 
00.; 
ywn 
eel, \ 
ser- 
the Uniting the separate parts into a sturdy product 
sed 60 E. 42nd STREET, NEW YORK 17, N. ¥. 3 by electric arc welding. Two flame-cut and rolled 
all. In Texas: Magnolia Airce Gas Preducts Ce. shell parts make up each pump base. 
soft 
IBLE CYLINDERS ARE PRODUCTION SLACKERS: KEEP ’EM ROLLING FOR VICTORY! ' 
948 
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being used where instruction plates must be bent to curyej 
surfaces and the hard for the flat surfaces. Melting point 
:- - S a of the material is in the neighborhood of 460 degrees 

tghded DEMANDS FOR ACTION! Fahr., and the material has less shrinkage than brass @ 


Civilian boats at war are “poison” to lurking subs. bronze. 
Two-way radios, with batteries kept charged by 
Briggs & Stratton powered generators, flash signals that 
summon warships or planes for “the kill.’’” One more 


service stripe for rugged, dependable Briggs & Stratton Wheel with Armored Metal Hub 


gasoline engines. Hundreds of thousands are now 
serving our armed forces through many standard and 
special applications. 


ESINOID wheels with armored metal hubs hay 
been made available by Rapids-Standard Co. Ine. 
Grand Rapids, Mich., for practical application to power 
hauled industrial trailers, or 
for hand-operated _ truck, 
The tread of the new whee 
is ABK laminated plastic 
fabric of the type used in 
ship stern tube bearings and 
steel rolling mill bearings, 
It is bonded under high heat 
and pressure to a shock re 
sisting core. Hub is rem 
forced with armored metal 
inserts to insure bearing fit 
and shock resistance, and to 
eliminate excessive side 
thrust wear. The wheels 
will not harm floors or chip 
and will carry heavy loads. 
They are highly resistant to 
oils and greases and can withstand exposure to mild acid 
} | and alkaline solutions, as well as operating satisfactorily 
To prevent unnecessary repairs | under temperatures up to 200 degrees Fahr. The two 

and to save critical materials . i @s ; Ue: 
ST ies deeds timate tie ‘ela sizes available are 10 x 3 inches and 12 x 3% inches, both 
: with or without roller bearings. The wheel is also fur- 


that all Briggs & Stratton 4-cycle, : ; : ' 
air-cooled gasoline engine users nished in diameters ranging from 4 to 12 inches, without 


(both military and civilian) pro- the armored-metal hub. 
vide systematic care to insure max- 
imum efficiency and longer service. 
Proper lubrication with the right H ydraulic @ heck Valves 
oil is the No. 1 “must” of the 

4-point Service Pro- 














gram which includes A VAILABLE in standard sizes, either with light 
periodical inspection — phenolic poppets or with single or double steel bal 
keeping engines clean checks, the new universal check valves offered by Ameri- 
— and always properly ad- can Screw Products, 7000 Avalon boulevard, Los Angeles, 


justed . . . Keep your en- 
gines in top condition. Any 
Briggs & Stratton Service 
Station or your nearest 
dealer will gladly help you. 


are made to operate in any position, are unaffected by 
vibration, variable pressure or acceleration and will give 





BRIGGS & STRATTON 
CORPORATION 
MILWAUKEE I, WIS., U.S.A. 





protection in critical lines. By use of a standard body of 
invest in Freedom—BUY WAR BONDS | heat-treated aluminum alloy and two of any of the three 
types of adapters, six basic combinations of connections 
are possible with flared tubing or internal or external pipe 
threads. Each adapter is provided with a seat for 4 
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degrees 
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bs have 
20. Ine, 
) power- 
iilers, or 
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ring fit 
and to 
ye side 
wheels 
or chip 
’ loads. 
stant to 
Id acid 
actorily 
he two 
s, both 
so fur- 
vithout 
light The change sometimes is as simple as that. 
el ball Gears that are machined in definite relation to each other should be assembled in 
Ameni- relation to each other. 
angeles, 
ed by A gear unit is NOT a housing with gears in it. It’s a set of gears with a housing 
I give AROUND it. 
When you get a set of matched Cone-Drives don’t assemble the pinion in the 
housing in relation to one face and the gear in relation to another—unless you want 
to have to hold those two faces just as closely as the gears are being held. 
It isn’t necessary to hold housings for Cone-Drives that close. Cone-Drives aren't 
any more sensitive to misalignment than other types of gears. The only difference 
is that the same accuracy you would use in worm gears in TWO dimensions has to 
be held in THREE dimensions in CONE-DRIVES. It’s a lot easier to let the gear 
manufacturer hold those dimensions than to try to hold them in machining a 
housing. You can compensate for most housing errors in assembly. 
dy of For recommendations as to detailed simplified assembly procedures for Cone-Drive 
three gearing, ask for Bulletin No. CA-43. 
tions 
| pipe 
ol i CONE-DRIVE DIVISION tivimcwichots Road, Detroit, U-s-A. 
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PRECISION PARTS 





THEIR END-USE 
IS A SECRET 


A story of amazing accuracy of American instruments will 
come out of this war. It can’t be told yet because there are 
still a lot of surprises in store for Herr Hitler and his gang 
of bandits. There is no secret, though, back of the amazing 
precision work that has made this accuracy possible. 





“|, . ten times as fast...’ 


These small, army, instrument parts are typical. Each is 
centerless ground to within tolerances of .0002”. Concen- 
tricity between diameters is held to limits of ten thou- 
sandths. Some of them call for definite radius require- 
ments where the shank mects the head. Others must have 
no radius at all. And there is another very important re- 
quirement—they must be turned out by the thousands. 

Ace is a pioneer in this ever-increasing accuracy which 
World War II has taught to mass production. Manage- 
ment ‘‘know-how” and modern equipment are turning out 
tolerances as close as .0001”, and finishes which a speck of 
dust or a warm hand distorts—and doing it ten times as 
fast as ever before. 
Aceisadependable 
source for volume 
production of Bar 
Stock, Shafts, 
Studs, Pins, 
Punches, Taper 
Pins and _ parts. 
Diameters may be 
as small as .020”’ 
or as large as 6”. 
Capacity is avail- 
able for your Cen- 
terless Grinding 
requirements. If 
you have any 
grinding problems 
send us a sample, 


This new booklet describes the facilities available sketch, or blue- 
at Ace for the machining,assembling and heat treat- : 

ing of small parts. A copy will be gladly sent print for quota- 
upon request. tion. 





ACE MANUFACTURING 
CORPORATION 
for Precision Parts 
1201 E. ERIE AVE., PHILADELPHIA 24, PA. 
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phenolic poppet. By reversing the poppet position or 
the entire valve assembly, direction of fluid flow can be 
changed, making twelve possible combinations. There js 
a 16 per cent reduction in weight in the new check 
valves for aircraft hydraulics. 


Synthetic Rubber Parts 


O SUIT the particular requirements of engineer 

and designers, Lights Inc., 1111 South Fremont ay. 
enue, Alhambra, Calif., is offering resilient parts of all 
types, made to order. The custom-molded synthetic rp. 
ber of which parts are made is compounded to give rp. 
sistance to oil, gasoline, chemicals and aging. It is ayajl. 
able in molded, fabricated and bonded construction jy 
tough, resilient parts. 


Tandem Power Rheostats 


ANDEM power rheostat assemblies of two or more 
sections have been developed by Clarostat Mfg. Co, 
Inc., 285-7 North Sixth street, Brooklyn. The new w. 
semblies are made up of two 25-watt or two 50-watt 
rheostats rigidly coupled together and held in a metal 
cradle. Usual one-hole mounting and _locking-projection 





features have been retained. The individual units can 
be of any standard resistance value, taper, tap and hop 
off, and all go through the same degree of rotation as the 
single shaft is turned. The rheostats are made on special 
orders because of the wide choice of resistance values and 
other factors. Units are all fully insulated from each 
other and from the ground. 


Fluorescent Aircraft Signals 


PERATING by fluorescent reflection of “black light’ 

a small signal announced by Littelfuse Inc., 4751 
Ravenswood avenue, Chicago, works in daylight, under 
“black light” and no light, and is used in aircraft wher- 
ever a signal light is required. Indication is entirely 
by reflected light and radio activity. A radium-activé 
fluorescent paint used on the indicator shows signals » 
total darkness, and a saving in current is effected as 
uses only 1.5 watts as against the approximate 4% watts 
now used. There is no blurr occasioned by transmitted 
light, and clear visibility of signals is dependably effected 
inasmuch as the pilot does not have to adjust his ey® 
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Or more 
Mfg. Co, 
new as- This Time Delay Valve fits into the hydrau- 
50-watt lic system of an American made dive bomber 
a metal and controls the flow of hydraulic fluid to the 
rojection wing flaps. These flaps brake the speed of the 
plane in descent. The time delay valve is then 
a brake control. 

The distinguishing feature about this hy- 
draulic unit is of course the time delaying 
element. Ordinary hydraulic actuators must be 
precision made, certainly, but this unit with 
measured control of the hydraulic fluid must 
be precision plus. In fact, it is an intricate job 
of machining right down to the closest toler- 
ances being worked in American plants, today. 

VARD makes these valves. VARD will 
always be making the finest in Aircraft parts. 
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4151 - In times of Peace—Prepare for War In time of War 
Je — Prepare for Peace! All Americans must realize that 

unde \ war industries with depleted reserves, sinking funds 





» oll and profits, can never rally to meet the Crash of Can- 
t W celled Contracts We must have reserves to meet the 
e . —_ 4 an 
entirel storm—and Win the Peace 
n-active 
als ip 
nals ; 





= VARD INC. 


Tal & Plug Gags © Snap Gages © Plain Tapered Ring Gages @ Bench Model External Comparators © Dividing Machines @ Precision Ground Optical Lenses & Filters @ High Fidelity Mi 











PASADENA, CALIFORNIA, U.S.A. 








STYLE 11 









"INCREASE THE OUTPUT 
2 YOUR 45. 








°. 





es 


Today, new lathes, milling machines, planers 
and shapers are difficult to secure even with 
priorities. The demands for increased pro- 
duction must therefore be met by more efficient 
use of present equipment. In the metal cutting 
field KENNAMETAL tools help meet these 
demands for more finished parts. 
KENNAMETAL’S great strength and hardness 
permit heavy feeds and high cutting speeds. 
Its ability to give a smooth finish on the rough 
cut often eliminates the need for a finish cut. 
KENNAMETAL $sslices through steel even 
under demands made by interrupted cuts, 
irregular surfaces, and high 
Brinell steels. 

Write today for the new 
KENNAMETAL catalog 
43B. It contains information 
on tools that were designed 
to increase your production. 


*INVENTED AND MANUFACTURED IN U.S.A, 


146 LLOYD AVE., LATROBE, PA. 














to the reflected light. The signal becomes correspondingly 
brighter in strong light. Another improvement is its nop. 
shatterable transparent plastic cap which withstands the 
most severe test of shock or explosion and permits free 
penetration by ultraviolet rays. The body of the indicato, 








“BUTTERFLY” VANES 
OPEN 
INDICATING 


“BUTTERFLY” VANES 
CLOSED 
NO SIGNAL 














houses a solenoid, the armature of which is connected with 
the “butterfly” indication vanes by a simple lever hookup, 
The fluorescent butterfly opens instantly to show signals 
reflecting the proper indicating light. Butterflies are 
furnished in red, amber and green. When not indicating 
the signal is black. Length overall is 2-5/32 inches, and 
unit is made for mounting in panels up to 36-inch thick- 
ness. 


Engineering Dept. Equipment 
Prevents “Blueprint Rash” 


ITH the use of a new development called “Hi- 

Tense Concentrate,” recently introduced by Wis- 
consin Pharmacal Co., Milwaukee, “blueprint rash” can 
be prevented. The new developer is nonirritating to hands 
immersed in it and has the additional advantage of produc- 
ing sharper blueprints, free from brown spots, as well as 
being completely noncorrosive to tank linings and non- 
staining if spilled on clothing. Furnished in highly con- 
centrated form, a pint bottle can be diluted with water 
in a ratio of 1:320—making 40 gallons of the solution. 


Vest-Pocket Slide Rule 


FFERED by Tavella Sales Co., 25 West Broadway, 

New York, is a Mascot vest-pocket slide rule which 
gives the square, the square root, the logarithm and re 
ciprocals of all numbers. The “trig” scale gives the sines 
and tangents of numbers. These scales are circular, 
therefore endless, and answers are never off scale. They 
are on disks 2% inches in diameter and length of multipli- 
cation-division scale is 6.3 inches as against 5 inches on 
“A” scale of the regular 10-inch slide rule. Made of white 
celluloid with fine black graduation, the rule is easily 
readable and can be dropped, trampled on and immersed 
in liquids without its usefulness being impaired. It 8 
grease and waterproof, and can be easily washed with 
soap and water. 
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| the Precist 


Meeting 


= THOMPSO 


Many machinery manufacturers select Orange Roller 
Bushings for their great load carrying capacity in small 
space. However, in other applications requiring utmost 
precision (such as above), the unusually even, quiet, 
long-life operation of Orange Roller Bushings proves 
equally valuable. 


This smooth action is the result of closer running clear- 
ances, achieved by holding roller clearances to a min- 
imum through a rigid standardization of size, thus 
preventing rollers from running tangent to race. 


Whether your product requires ruggedness — precision 
— or both combined . . . you have the answer in 
Orange Roller Bushings. Made in a complete range 
of types and sizes. Our engineers are glad to discuss 
any bearing application. 
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Orange Roller Bearing Co., Inc., MD 
Orange, N. J. ' 
Please send me your Roller Bushing Data Book ! 
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(one of the available wool materials) 


is conserving 
critical materials 


made of rubber 


FELT, made to precise specifications, and cut and 
shaped into washers and intricate parts with nar- 
row tolerances, has been called on to replace rub- 
ber, and materials containing rubber, in many 
instances. 

If your operation, or your production 1s ham- 
pered by shortages of critical rubber, cork, or 
leather, we may be able to help you. As the lead- 
ing FELT manufacturer we consider this our 
obligation, particularly to companies, which, like 
our own, are engaged in production for Victory. 

The war has telescoped ten years normal tech- 
nological FELT development into that many 
months. The result is that FELTS are available 
for a tremendously increased range of applica- 
tions. Tell us your requirements and we will send 
samples of FELT for your inspection, and give 
you the benefit of the personal advice of able con- 


sultants. 


American Felt 
Company 


TRADE MARK 


General Offices: 


New York; Boston; Chicago; Detroit; Philadelphia; St. Louis 
Cleveland; Los Angeles; San Francisco; Dallas; Seattle 


GLENVILLE, Conn. 


PRODUCERS OF FINEST QUALITY PARTS FOR OIL RETAINERS, WICKS, 
GREASE RETAINERS, DUST EXCLUDERS, GASKETS, PACKING FELTS, 
VIBRATION ISOLATING FELTS AND INSULATING FELTS 
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MEN OF 
MACHINES 


OR many years 

chief engineer of 
the Peerless Pump di- 
vision, Food Machin- 
ery Corp., James M, 
Hait was recently ap- 
pointed general man- 
ager of the procure. 
ment and _ engineer- 
ing division. He is 
credited with many 
of the “firsts” in pump 
design, and during 
the past year has 
been working dili- 
gently in the develop- 
ment of amphibian 
tanks for the government, with outstanding results. Con- 
sequently the company established the new division of 
which he is now the head. His services in the design 
and development of amphibian tanks, and such other 
equipment as he has been called upon to design will aid 
materially in helping to win the war. Mr. Hait is a 1928 
mechanical engineering graduate of Rensselaer Poly- 
technic institute. Prior to his connection with the Food 
Machinery Corp. he worked for one year for Emsco Aero 
Engine Co., and four years for Peerless Pump Co. 





ESIGNATION ot 

Everett Chap- 
man who since 1936 
has been president of 
Lukenweld Inc. has 
been announced by 
Lukens Steel Co., of 
which Lukenweld is 
a subsidiary. Mr. 
Chapman will estab- 
lish his own consult- 
ing engineering busi- 
ness, numbering Lu- 
kens Steel Co. among 
his clients. Pending 
election of a suc- 
cessor, administration 
will be in charge of G. Donald Spackman, recently elected 
vice president at Lukens. Mr. Chapman, a native of De- 
troit, graduated from the University of Michigan in 1923 
with a degree in electrical engineering. After postgrad- 
1943 
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Clogging of hydraulic valve mechanisms 
sno new problem but it can be a serious 
and costly one. Vital equipment pulled 
down for repairs —key engineers and 
mechanics tied up on service work. 

_ Engineers at one of this country’s lead- 
ing machine tool manufacturing plants 
were wide awake to the seriousness of 
such a situation. They knew that such 
clogging sometimes resulted from gummy 
materials extracted by the hydraulic 
fluids from flexible hose assemblies. 

After thorough investigation, Resistoflex 
ose was chosen for this installation, 
and what could have caused a trouble- 
some service problem was avoided. 
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RESISTOFLEX CORPORATION, 


This is no low pressure installation 
either. These hose assemblies must carry 
an intermittent pressure of up to 1200 
Ibs., be slammed back and forth, hour 
after hour...and they must last. 

Our files are bulging with hundreds of 
interesting applications that may prove 
helpful in wirii some of your flexible 
hose problems. Write us about them 
today, or... 


SEND FOR CATALOG 


Write for the Resistoflex 
Industrial Catalog. On 
your company stationery. 
please. 































Your hose ended all valve clogging,” 


SAYS PROMINENT MACHINE TOOL BUILDER 


RESISTOFLEX FEATURES: 
STRONGER — Resistoflex hose assemblies out-point 


all similar lines in tensile strength. 


PERMANENT, FULL FLOW—Chemically inert. 
glass-smooth inner surface provides permanent free 
flow —eliminates turbulence and skin friction. 


NON-CLOGGING — Resistoflex hose assemblies do 
not gum, never clog hydraulic or lubrication systems, 
diesel injector nozzles or other fine orifices. 
FLEXIBLE, VIBRATION PROOF — Tens of thou- 
sands of simultaneous flexings and twistings have no 
effect on Resistoflex lines. 





BELLEVILLE, 


HOSE AND HOSE ASSEMBLIES FOR HYDRAULIC OILS 

AND VACUUM, FUELS AND LUBRICANTS, ORGANIC 

SOLVENTS, PAINTS AND LACQUERS, THINNERS, RE- 

FRIGERANT, NATURAL AND MANUFACTURED GASES— 

LABORATORY TUSING—DIPPED AND MOLDED GOODS 

—CCAT:NG COMPOSITIONS, GLOVES AND PROTECTIVE 
CARMENTS. 





RESISTOFLEX 


NEW JERSEY 
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oe ~ the more they appreciate 


ARKWRIGHT TRACING CLOTH! 


That’s because the specially processed surface of 
Arkwright Tracing Cloths makes it possible for good 
draftsmen to turn out topflight work consistently. Not 
only is the surface smooth enough to take the finest ink 
lines without spreading or feathering. It’s also tough 
enough to take erasures without smudging or wearing 
through. Try Arkwright Tracing Cloths yourself! See 
if they don’t make a difference in your work. Arkwright 
Finishing Company, Providence, Rhode Island. 
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uate work, he also obtained his master of science degree 
He taught electrical engineering at Purdue University fc 
later served as an experimental engineer with Lincol, 
Electric Co. As director of development and research 
he joined Lukenweld and in 1934 was elected vice presi 
dent. Two years later he was made president. He js 
nationally recognized as an authority on welding, and js 
the author of many publications on various phases of 
the subject. 


ECENT addition 

of E. L. Potter 
to the executive and 
technical _ personnel 
of French & Hecht 
Inc. promises much 
for the success of the 
company’s war pro- 
gram as well as de. 
velopment and _post- 
war planning. Mr, 
Potter who has been 
elected vice _ presi- 
dent of the company 
brings to his post a 
background of valu- 
able experience which 
eminently suits his new capacity as executive head of 
the engineering and sales activity of the organization. His 
first experience in the field of experimental engineering 
was gained in the McKeen Motor Car plant of the Union 
Pacific Shops. After being in the World War, he te- 
turned and obtained his mechanical engineering degree 
at the University of Michigan in 1924. For a number of 
years he was in charge of research and_ experimental 
work for the Hupp Motor Co. during the period marked 
by the development of the company’s first 6-cylinder mo- 
tors. He then became connected with Gabriel Co., de- 
veloping a hydraulic spring control important in modem 
automotive practice. After some private engineering 
consultant work, he joined the Houde Engineering di- 
vision of Houdaille-Hershey Corp., concentrating upon 
the development of hydraulic spring control again. He 
was then promoted to sales manager of the company, and 
substantially contributed to the advancement of the hy- 


draulic control, now standard on all streamline trains. 
* 


A. W. HERRINGTON, past president of the Society of 
Automotive Engineers, received the honorary degree of 
mechanical engineer at the seventy-first annual com- 


mencement exercises of Stevens Institute of Technology. 
* 


Wiii1AmM Wappe has joined Studebaker Corp., South 
Bend, Ind., as special engineer. He had been chief drafts- 
man at the Lycoming division of The Aviation Corp. 
Williamsport, Pa. 





+. 
RicHarD C. Gaz.ey, formerly engineering manager of 
Porterfield Aircraft Co., has become associated with the 


Cleveland Pneumatic Tool Co. 
+ 


Wituiam A. CresswELL Jr., analytical engineet, 
Ranger Aircraft Engines, division of Fairchild Airplane & 
1945 
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125 PTS.+ PER HR. 
WITH "AIRGRIP” DEVICES , 
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Install ‘Al 





“Airgrip” Revolving 
Air Cylinder— rugged 
and powerful. 





“Airgrip”’ Three Jaw 

Univetsal Chuck—heav- 

jer cuts and coarser 
feeds. 





“Airgrip”’ Collet Chuck —- 
Precision-built for mass 
Production. 
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100 PTS. PER HR. 
100 WITH MANUAL OPERATION 
a 





WHEN YOU 


Se en 


Maybe you have been thinking in terms of muscle when 
faced by the manpower shortage. Well, you can forget it, 
because when you install ‘‘Airgrip'’ Holding Devices any 
average American girl can step up your output 25%, or 
more—and keep up that pace all day long without undue 
fatigue. 

Take the time now to investigate the advantages of ‘‘Air- 
grip’’ Holding Devices—more production, lower cost, reduced 
spoilage, minimum operator fatigue—and far less worry about 
the manpower shortage. 

“Rirgrip’’ Devices are available now—they are easy to in- 
stall—and, ‘‘Airgrip’’ engineers are prepared to help you on 
any problems where air can be used for fixtures or chucking. 


WRITE FOR BULLETIN 


Anker-Holth Mfg. Co. 


“AIRGRIP" CHUCK DIVISION 
332 So. MICHIGAN AVE. +- CHICAGO, ILL. 





rgrip Holding Devices 















Stainless Tubing to Solve Your 
HEAT RESISTANCE PROBLEMS 
# 





7 Here’s good proof of the heat resisting 
a qualities of Carpenter Welded Stainless 
4 Tubing. These electric furnace heating 


elements stay on the job longer because 
they are made ¥rom this tubing. 


Heating elements in electric furnaces such as 
this ... and exhaust collector rings . . . are made 
of Carpenter Welded Stainless Tubing—for 
positive proiection against heat. And in many 
applications such as these, the high strength- 
weight ratio of this tubing helps designers save weight and space. 


Along production lines, this tubing provides still another advan- | 
tage. Uniform tube walls permit the use of lighter gauges without 
sacrificing strength... and lighter gauges mean easier and faster 
bending, flanging, swaging, tapering, etc. 


When you need data about Welded Stainless Tubing—or if you 
could use fabricating assistance—consider Carpenter your general 
headquarters for helpful information. Ever since the days of 
Carpenter’s pioneering development of this type of tubing, we 
have had much experience with design and fabricating problems 
involving its use. Don’t hesitate to put that experience to work 
on your new or difficult problems. 


Use Carpenter's series of QUICK FACTS 
bulletins for useful information on the 
Design of Tubular Parts, Forming, Bend- 
ing, etc. They can help you take advan- 
tage of the properties of Welded Stain- 
less Tubing. A note on your company 
letterhead will start your set of bulletins 
on the way, so send for them today. 





THE CARPENTER STEEL COMPANY 


Welded Alloy Tube 


Division, Kenilworth, N. J. 









WELDED 
STAINLESS TUBING 





Engine Corp., Farmingdale, L. I., N. Y., has been trans. 
ferred to junior project engineer in the stress and vibra. 
ion department. 
° 
ALVIN J. KoRNBLUM is now project engineer wit} 
Hughes Aircraft Co., Armament division, Hollywood. 


| Calif. Previously he had been assistant project engineer, 


Vega Aircraft Corp. 
° 

GuNNAR JENSEN has been transferred to the Racine 
Wis. office of the Walker Mfg. Co. of Wisconsin, as chief 
engineer. He formerly had been chief engineer of this 
company’s Jackson, Mich., division. 

. 

SERGE L. Crowe vt has resigned as designing engineer 
of Babcock & Wilcox Co., New York City, to accept a 
position as helicopter designing engineer at Sikorsky Air- 
craft, Division of United Aircraft Corp., Bridgeport, Conn, 

¢ 


PETER F. RossMAN has recently been appointed gen- 
eral manager of a new division known as the Develop- 
ment Division of Curtiss-Wright Corp. He formerly was 
chief of development research in the Airplane division, 
Research Laboratory and came to Curtiss-Wright from 
Packard Motor Car Corp. where he held executive posi- 
tions in connection with design. He also was assistant to 
the director of military engineering and technical assistant. 


+ 


T. M. Cummiuncs, vice president since Progressive 
Welder Co., Detroit, was founded, has been made execu- 
tive vice president and general manager. Heretofore he 
has been in charge of manufacturing and engineering de- 
velopment as well as sales. 


¢ 


Dr. CHARLEs M. SLAck, well known in the field of elec- 
tronics research and for his contributions to the develop- 
ment of an ultra high-speed X-ray machine, has been 
named assistant director of research at the Westinghouse 
Lamp Division, Bloomfield, N. J. 


¢ 


WELLWoop E. BEALL has been elected vice president 
in charge of engineering of Boeing Aircraft Co. He for- 
merly was chief engineer. Epwarp C. WELLs is the new 
chief engineer of the company, replacing Mr. Beall. 

+ 


A. E. BEpDELL has recently been appointed chief engi- 
neer of Graver Tank & Mfg. Co. Inc., in charge of all en- 
gineering and development. Prior to his new connection, 
Mr. Bedell had been associated with Max E. Miller & 
Co. Inc., and for 14 years was in charge of engineering 


for that organization. 
+ 


ALEXANDER KarTVELI, vice president and chief engi 
neer of the Republic Aviation Corp., has been honored 
by the Temple university with a degree of Doctor of 
Science. The degree is being conferred on Mr. Kartveli 
for designing the P-47 Thunderbolt high-altitude fighter 
plane. 

+ 

Asuitey C. Hewrrr has recently been appointed chiet 

engineer of the engine division, Radioplane Co., Vai 
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TRADE MARK 














Our valuable original 


drawings are carefully 


VESCIVVE, 





—filed away for record purposes 


Our duplicates are made from 


PHOTACT /rints. 
heav/ work — take the wear 





















Every smudged drawing means time lost 
on the production line. 


You can’t replace that loss. But you can 
take this step to prevent it, quickly and 
surely—use Photact, because... 


Photact preserves originals. Make a Pho- 
tact of your costly original and in a matter 
of minutes you have a reproduction down 
to the finest line—sharp, clear, opaque. 
Your Photact is now the “master” for 
every purpose, and your original can be 
filed away for safekeeping. 

Photact also restores old, worn-out draw- 
ings—points up blurred lines to their 
original clarity—gives you a fresh work- 
able drawing. Put the old “veteran” draw- 
ings through the Photact process and 


$T. LOUIS ° 
DETROIT 


CHICAGO - 
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They do the 


come out with a new “master.” 


Photact duplicates originals. From your 
negative you can make as many prints as 
may be needed on either Photact paper or 
cloth. And Photact duplicates, even when 
made from pencil drawings, will be 
sharper and clearer with ink-like lines. 
There are no “absentee”’ lines in a Pho- 
tact duplicate. That’s why sub-contractors 
and branch managers welcome Photact 
prints. They can make an unlimited num- 
ber of sharp black-line or blueprints 
from Photact “masters.” 


For complete information about Photact 
papers and cloths and the Photact pro- 
cess, write: KEUFFEL & ESSER CO., 
Photact Department, Hoboken, N. J. 


EST. 1867 


KEUFFEL & ESSER CO. 
NEW YORK ¢ HOBOKEN, N. J. 


SAN FRANCISCO - 
MONTREAL 


LOS ANGELES 
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MIDWEST 


save you time and 
money on your Spring 
Needs! 


PUT YOUR SPRING 
PROBLEMS UP TO US 


With modern plant equipped for 
the latest in spring production 
—experienced technicians— 
skilled operators—MID-WEST 
can save you both time and 
money. Use our engineering 
service. 


PROMPT DELIVERY 
ANY QUANTITY 


Any type, and size industrial or 
mechanical springs, any metal, 
exactly to specifications or B/P. 
Contract manufacturing, short 
runs, or production runs. Also 
stamping, sheet metal and small 
and light metal aircraft assem- 
blies. Let us show you savings. 


SEND FOR NEW COMPLETE 
SPRING DATA BOOK 


Designs, illustrations, drawings 
and quick-finding tables put 
your finger on just what you 
want. Free to Executives and 
Engineers. Write 








oe; N C a 


n = ba A a # - 
WESTERN AVE. Aone lafayette /743 CHICAGO, ILLINOIS 





Nuys, Calif. He was previously connected with Kinne 
Motors Inc., Glendale, Calif., as experimental test eng. 
neer. 
+7 
RoBeErRT Patrick Vai is head of mechanical engineer. 
ing at the Pantex Ordnance Plant, St. Francis, Te, 
Prior to this appointment he was assistant professor ¢) 


mechanical engineering and coordinator of civilian pilot 


training at the Texas Technological College, Engineering 
Division. 
S 

Howarp Bartow has been elected chairman of th 
Society of Aeronautical Weight Engineers. He is head 
of the aeronautical engineering department, Texas A &\\ 
College. 

¢ 

Paut W. Ee.ts has been promoted from executive 
engineer to vice president in charge of engineering, LeRoi 
Co., West Allis, Wis. 

¢ 

Joun O. Koszina Jr., formerly diesel development en- 
gineer at International Harvester Co., Chicago, has joined 
the General Machiney Corp., Hamilton, O., as_ project 
engineer. 

- 

Epwarp J. Nessitt has joined the structures section of 
the Helicopter engineering department, Sikorsky Aircraft, 
Stratford, Conn. 

¢ 

Wiitutiam G. ANDERSON, previously an_ instructor in 
mechanical engineering at the Newark College of Engi- 
neering, is with the National Advisory Committee for 
Aeronautics, Cleveland Airport, Cleveland. 

¢ 

T. R. THorEN, who has been working in the production 
of pumps, Thompson Products Inc., has been designated 
as chief development engineer. 

¢ 

Epmonp E. Bisson, associate mechanical engineer, 
Aircraft Engine Research laboratory, National Advisor 
Committee for Aeronautics, has been transferred from 
Langley Field, Hampton, Va., to Cleveland. 

¢ 

Roy M. Situ has succeeded J. D. Wood, resigned, @ 

chief engineer of Roller-Smith Co. 
. 

Water A. SEMION has been made project enginee! 
at Higgins Aircraft Inc., New Orleans, La. His previous 
connection was that of assistant chief engineer of H. |. 
Heinz Co., Aircraft Product Division, Pittsburgh. 

¢ 

Louis R. Borsai, manager, gearing department, Nut 
tall Works, Westinghouse Electric & Mfg. Co., was elected 
vice president of the American Gear Manufacturers ass 
ciation at the annual meeting. 

. 

Ausrey A. Ross, recently retired after completing 4 
years’ service with General Electric Co., has been desig: 
nated as the second recipient of the Edward P. Connell 
award established by the Falk Corp. as a memorial to its 
late vice president. This is given in recognition of co™ 
tributions to the gear industry, the gearing arts or the a- 
sociation. 
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PRODUCTION to win the war... 
PLANNING to win a post-war market 


Perhaps you have a production problem, a cost reduction problem or a new product 
development problem that you know could and should be solved, were it not for lack of 
man power or facilities to design and build the needed special production equipment. 
There is hardly a plant in operation today where such a situation does not exist. 


We are Production Engineers ... an organization 300 strong with the brain-power, 








the man-power and the production facilities to i i 

put your ideas and plans into ACTION now. 
Miche yee ng a wealth of experience in practical fabrication of many of the new A LOAD OFF 
materials destined for widespread post-war application. We have designed and built the 
special machinery that is today helping many famous war plants produce complex com- YOUR SHOULDERS 
Ponents faster, more accurately and at lower unit cost. We have also designed and built ONTO OURS 


the necessary dies, tools, jigs and fixtures, in some cases for an entire mass production 
schedule. We are equally prepared to function on the small individual production problem 
or a complete tooling program. 

; Production to win the war is still American Industry’s primary job. Preparation to 
win peace-time markets is a management obligation. We have amply demonstrated our 
ability to serve in both capacities. Write or wire for consultation without obligation. 


0 METAL STAMPING COMPANY 
. z TOOL & DESIGNING COMPANY 


CASTOR & KENSINGTON AVENUES : : PHILADELPHIA, PA. 
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NOTEWORTHY 
PATENTS 


| Provides Cyclic Speed Variation 


Wipe speed variation of a driven shaft with egp. 
stant driving speed may be accomplished with migi. 
mum wear and vibration through the use of a mechanism 
covered by patent 2,314,278, recently assigned io the 
United Shoe Machinery Corp. During a complete rey 
lution of the input shaft the output speed varies from ze 
to a maximum of twice input speed and back to zero, the 
TRAINING FILM — Ready now! average speeds being equal. 

The new Cannon Electric Slide Film with As shown in the figure the driving element is a cage 


sound tells your employees how to use formed of two cup-shaped members mounted for rotation 
electrical connectors correctly and effi- 












ciently. Clears up confusing terminology. upon studs carried by a housing. Gear teeth on the 
Explains assembly techniques. Shows periphery enable it to be continuously driven by suitable 
how AN part numbers are established means. A slot or guideway extending across the diameter 


and facilitates ordering of replacements. | of the driving element controls the movement of two 


WD 
CATALOGS— Engineers, 


production executives, service 







Driving element 














men need the basic informa- e 
tion clearly presented in the ew 
new catalogs covering many e 
types of Cannon Connectors. 4% 
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“ Fecentric 


Pinion pivots Link Housing 
During rotation racks move inward and outward with 


respect to each other, imparting relative oscillation to the 


WALL CHAR T— Gives the insert arrange- driven pinion 


ment and shell sizes on AN specification con- 
nectors at a glance, thereby facilitating design- 
ing, wiring and servicing operation in factories 
as well as in the field. 


racks which engage a pinion on the end of the output 
shaft. Each rack as it rotates with the driving element is 
moved radially by links mounted on fixed eccentric pivots, 
the eccentricity being equal to the radius of the pinion. 

As the driving element revolves the racks rotate and 
also reciprocate radially. Due to their radial movement 
the racks impart an oscillation to the output pinion, while 
due to the rotation of the racks the pinion also rotates a 
the same speed. Superposition of these two motions Ie 
sults in giving the output pinion the desired cyclic speed 
variation. 

In the position shown the racks momentarily have ™ 
radial motion, being at the outward position of their 
travel, and the pinion speed is equal to the driving speed. 
UR UL aL ME =§©§©After 90 degrees counterclockwise rotation the racks ae 








re A NM ov o a E i E re T R } C | moving inward at their maximum velocity and the ue 
rotates at twice the driving speed due to the addition 

—— nt Seowepemant Company component resulting from the relative movement of the 

. A-107, treet Angeles, California F sition 

Please send us more information on the visual aids checked kelow: racks. After 180 degrees rotation from the po at 
TRAINING FILM (1 CATALOGS CD WALL CHART shown the racks again have no radial movement, being 
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INTERNAL TYPE 


EXTERNAL TYPE 
NaTiONAL AIRCRAFT STANDARD 5] 


aldes Truarc presents a significant advance in retaining rings. 
It spreads or contracts without distortion; always retaining its perfectly fitting circular contour. 
For thrust-load fixing, and shaft and housing applications, Waldes Truarc provides 
distinct advantages over nuts and bolts or wedges and washers. . . it reduces dimension 
and weight . . . saves material . . . cuts manufacturing time . . . simplifies assembly and 


dis-assembly. On request, we will gladly furnish samples and full data for your tests. 


or 


WALDES KOH.1I-NOOR-INC. 


Sole Manufacturers in U.S.A. {Nn I N 
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U.S. Patent 
Re 18144 


a LONG ISLAND CITY-N.Y. 




















“DEMAND THE BEST!’’ 





J-S.STAEOTLER,INCG. 


S3-SS WORTH STREET 
NEW YORK,N.Y. 





the inward position of their travel, and the pinion Speed 
is equal to the driving speed. After further rotation ty 
the 270-degree position the racks are moving outward 
their maximum velocity, rotating the pinion in the clog. 
wise direction with a speed which exactly offsets the dry. 
ing speed, resulting in the pinion coming momenta 
to rest. 

By providing two oppositely disposed racks which ie 
move simultaneously inward or outward along the guide. 
way, and by driving the racks through two sets of links 
on opposite sides, the parts are substantially in balance, 
obviating undue wear at high speeds. 


Hydraulic Coupling With Positive Drive 


M INOR speed fluctuations of a driving shaft often must 
: be prevented from affecting the driven shaft, ag jy 
the case of speed-responsive governor drives. A hydraw 
lic coupling which satisfies this requiren.ent and at the 
same time provides a positive drive is covered by patent 
2,307,506, recently assigned to the General Electric Co. 
Principal elements of the coupling are illustrated in 
the figure, which shows an arrangement suitable for driv. 
ing a governor with a vertical spindle. Upper, enlarged 
end of the driveshaft is provided with a transverse slot in 
which a crossbar slides freely, projecting beyond the head, 


iin 


LESS 
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SS 


WE: VITTDDIET = y 


Driveshaft Cushion space 


Ny <: 
Wi 
YO 
VS 
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Drain port 
Segment 
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ey 
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Oil cushion permits limited angular displacement. Pressiut 
restores coupling to central position 


The driven assembly comprises a cylindrical casing pM 
vided with a flange by which it is secured to the governtt 
body. Casing is supported by a bearing secured 0 
fixed bracket, a shoulder at the upper end and a collar at 
the lower preventing axial movement. 

Bore of the casing is enlarged at the upper end formiligy 
with the driveshaft head, an annular recess. Two 56 
ments are attached to the casing on opposite sides of th 
recess, leaving spaces into which the overhanging en@™ 
the crossbar on the driveshaft project. Spaces betwee 
the crossbar and segment faces are kept filled with of 
forming a cushion through which the driving torque™ 
transmitted. Oil is conducted under pressure UMUNE 
drilled passages to the oil supply ports adjacent to © 
clearance spaces between the segments and the drives! 
head. With the crossbar in the central position as SINT 
1 
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Another example of Gerotor's 
Service to Uncle Sam 


* 


GEROTOR MAY DIVISION 
MAY OIL BURNER CORPORATION, BALTIMORE, MD. 














A Pledge from 
AMPOO Ef Loyees 


The Men and Women of Ampco Metal, 
Inc. feel honored in having received 
the Army-Navy “E”. We take this to 
mean that we have not failed to keep 
the faith with the men in uniform. 


Since nothing has been done that can- 
not be done better, we pledge that 
in the months to come, our minds, 
hearts and muscles will be devoted 
to the production of still more of the 
finest materials. Certainly our very 
best is the very least our fighting men 
deserve. We will back them every 
step of the way to final VICTORY! 


Duk TR sgppunthal 


President 











EMPLOYEES MUTUAL BENEFIT ASSOCIATION 
OF AMPCO METAL, INC. 








fHE METAL WITHOUT AN EQUAL 














in the plan view oil flows to the cushion spaces in Testricte; 
amounts through the small clearances. 

If during operation the driveshaft with the crossbg ; 
suddenly accelerated, the increased pressure ahead of ty 
driving faces will force oil to flow through the clearay, 
between the ends of the crossbar and the casing into th 


cushion spaces behind the crossbar. As a result of the 
angular displacement of the driving and driven elements 
the oil supply ports register with corresponding ports j 


the driveshaft head leading to the cushion spaces behin; 
the crossbar, thus building up pressure which tends » 
restore the crossbar to a central position. No additions 
oil reaches the cushion spaces ahead of the crossbar, hy 
if the angular displacement is sufficient the crossbar y,. 


covers drain ports in the casing, permitting oil to lea} 
these cushion spaces and increasing the pressure dite.) 


ential on the two faces of the crossbar. 


Servomotor Locking Mechanism 


ITH servomotor mechanisms it sometimes is ¢&. 
sirable to make provision for locking out the auto} 


matic feature for a selected portion of the stroke whe 
manual control is required. An example is found in th 
throttle control for aircraft engines in which intake mai 
fold pressure due to supercharging must not be allowel 


Throttle control ——~ 


O) 
| Pressure contro 


| oo 
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lag i 
Supercharger 





\ * 
Carburetor 


Throttle control is effected either manually or by manifol 

pressure acting through servomotor. Latter can be lors 

out when pressure control lever is moved to either extrett 
position, releasing latch 


to exceed safe limits. In normal operation this pressut 
acting through a servomotor, operates the throttle to pt 
vent dangerous pressures. When it is desired to render tit 
pressure control inoperative the servomotor is locked in 
position so that throttle control can be entirely man 
Lockout means for this purpose are covered by pil’ 
2,310,018, recently assigned to Bendix Aviation Co? 
and will be described with reference to this partictl 
application. 

Lower part of the illustration shows diagrammaticil 
the carburetor, geared supercharger and intake manifl 
By throttling the mixture at the carburetor the suf 
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nd in te | What Are Your Requirements ? 

ake mati: 

» il | If what you need is yet to be designed, engineered and 
| manufactured, Universal can handle all three functions to 
| your advantage. Universal engineers are veterans in design- 

| ing and improving mechanical equipment. 
| If your design is complete, Universal’s staff is fully qualified 

sre conto | to engineer it to practical form for both economical and 
we | rapid manufacture. 

| If your machine or part has been designed and engineered, 
the Universal plant provides the most modern facilities for 
its manufacture; including tool making, heat-treating, 
machining to close tolerances, thread grinding and assembly. 
Our current output includes: aircraft parts, ordnance parts, 

| special machinery, tools, gages, jigs and fixtures. 
; | We have a dependable source of labor and a central location 

ifol = ° : 

mre | for shipping by rail or highway. 

r extrent , . 

Write us about your requirements. 
| * 

pressure. 

aa UNIVERSAL ENGINEERING CORPORATION 

ad in 618 C Avenue West 

mani Cedar Rapids, Iowa 
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HEINEMANN 


MAGNETIC CIRCUIT BREAKERS 


Drawing shows cross section of time 
delay type breaker, designed to prevent 
nuisance trips on transient overloads 
and starting surges, while opening 
rapidly on sustaining and heavy over- 
loads and instantaneously on short cir- 
cuits. Same breaker can be made 
without the time delay arrangement as 
straight instantaneous trip type. Mag- 
netic blowout provides high and fast 
interrupting capacity. 


HEINEMANN CIRCUIT BREAKER CO. 


Subsidiary of He:nemann Electric Co.. Est. 1888 
TRENTON . NEW JERSEY 








charger intake pressure is reduced, effecting a reduetio, 
in the manifold pressure. Manual control of the throt, 
is effected from the quadrant shown in the upper right ¢ 
the figure through the linkage illustrated, which includes, 
bellerank pivoted at its center on the end of the sen 
motor piston rod. 


Manifold Pressure Controls Servomotor 


Movement of the servomotor, when released from th 
locked position, is effected by oil supplied from a pres. 
sure source through a piston valve. The porting is suf 
that when the valve is to the right the servomotor pisty 
is urged toward the left, and vice versa. A compressin 
spring also tends to move the piston to the left. Val 
position is controlled by the movement of a plate inte. 
posed between two flexible bellows of which the left-hand 
one is evacuated and the right-hand is connected to th 
intake manifold. 

Movement of the plate (and piston valve) is therefor & 
controlled by the manifold pressure and also by the spring 
shown. Tension in this spring is regulated by move- 
ment of the pressure control lever, as indicated in the 
figure. The greater the spring tension the higher mus 
be the manifold pressure necessary to cause movement of 
the valve and therefore of the servomotor. Servomoto 
movement regulates the throttle through the _bellerank, 
the upper pivot serving as the fulcrum. 


Positive Locking Insured 


The locking-out of the servo-element, which is the sub- 
ject of the patent, is accomplished in two ways. Firs, 
movement of the pressure control lever to the position 
shown pulls the plate (and piston valve) to the extreme 
right. With the valve held in this position the servo 
motor piston is held in its extreme left position both by 
oil pressure and by the spring in the servomotor cylinder. 
In the second place, with the controls in this position the f 
control cam which is included in the pressure control link 
age permits the latch to drop into the groove on th 
servomotor piston rod, preventing further movemelt. 
With the center pivot of the bellcrank fixed, the throttl 
control alone can effect throttle movement. 

To release the lockout, the pressure control lever # 
moved to the left (in the zone B to C), the plate and pis 
ton valve are released, and the cam trips out the lateh 
When the pressure control lever is moved to its extreme 
left position (D) the cam again allows the latch to drop 
into the locking position, which it will do as soon as the 
servomotor piston moves sufficiently far to the left. 


SIXTY DAYS ahead of schedule and but fifteen days 
after the first supercharger was produced at General 
Electric company’s Fort Wayne, Ind., plant, shipment 
of the first carload of units for the U. S. Army W& 
made. This was six months from the time steel ww 
delivered to this the largest plant of the compaly® 
factories, which covers more than 788,000 square feet. 
Of the total of employes at this plant 58 per cent a 
women. 
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STEEL PLATE 


In one of the most modern steel fabrication plants in the coun- 
try, Graver is building steel plate equipment of all types—stills, 
towers, vacuum and pressure vessels, storagé tanks, welded 
machine parts, etc.—to meet the needs of hundreds of varied 
industries. 

With equipment for fabricating pressure vessels in accord- 
ance with API-ASME specifications, together with complete 
x-raying and stress relieving facilities, Graver offers a service 
that will comply with the most exacting requirements. 

Whatever your needs may be, send us your prints and spec- 
ifications. We'll quote immediately—and there’s no obligation. 


GRAVER TANK & MEG.CO. INC. 
4811-25 Tod Ave., East Chicago, Ind. 
NEW YORK + CATASAUQUA, PA. + CHICAGO + TULSA 
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ASSETS to a BOOKCASE 


Mechanism 


By Irving Henry Prageman, associate professor of 
mechanical engineering, University of Maine; pub- 
lished by the International Textbook Co., Scranton 
Pa.; 296 pages, 5% by 8% inches, flexible binding: 
available through Macwine Desicn, $3.00 postpaid. 


For those beginning a study of the motions of machine 
parts this book will be of practical value. Treatment of 
the various topics has been made brief so that funda. 
mentals will not be obscured by a large amount of detail 
and only those machine parts that are of practical im. 
portance are discussed. Numerous examples have been 
included and the various principles presented are e- 
plained with the aid of examples. 

Following an introductory chapter covering definitions 
and a review of fundamentals, the book goes on to discuss 
linkwork and displacements, velocities in machines, static 
forces in machines, accelerations in machines, cams, gears 
and gear teeth, gear proportions and manufacturing 
methods, gear trains, flexible transmission, intermittent 
motion, reversing, clutch and brake mechanisms, and 
diverse types of mechanisms. In an appendix a proof 
of Coriolis’ law is presented and the book ends with a 
selected list of references. 

In connection with this and other recent books on the 
subject, it is gratifying to note the trend toward an ade. 


quate treatment of accelerations in machines. A note- | 


worthy discussion has been included in the book under 
review showing how acceleration calculations are used to 
find the inertia loads acting on a connecting rod. Such 
an example drives home the point that acceleration dia- 
grams have practical use as well as being good exercises. 


we & & 


Industrial Radiology 


By Ancel St. John and Herbert R. Isenburger; 
published by John Wiley & Sons Inc., New York; 298 
pages, 5%4 by 9 inches, clothbound; available through 
MacHINE Desicn, $4.00 postpaid. 


Practical aspects of industrial radiology are here pre 
sented in a form and language which can be understood 
well by engineers. Basic theories are adequately covered 
without obscuring the essential value of this new tech- 
nique. While great strides have been made in applica- 
tions of radiology there are many other potential uses to 
which this book may serve to draw attention. A 

Early chapters are devoted to a brief history of radi- 
ology, the nature and properties of X-rays, and mutual 
influences of X-rays and matter. Equipment is discussed 
in three chapters on production, detection and recording 
of X-rays, X-ray generators, and description of a typical 
installation for industrial radiography. Techniques are 
covered in a series of chapters on making a radiograph. 
photographic procedure, and interpreting radiographs, 1 
1948 
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Take a Look at TOMORROW— /oday/ 


‘ 

Mr. Now: The finger- : Mr. Postwar: I'll remember that 
tip test proves Century — for I've got to take advantage of 
Motors are unusually : every detail that will promote more 


free from vibration. accurate production. 











CENTURY MOTORS’ 


Unusual Freedom From Vibration 
Helps Machine Tool Accuracy 


n today’s production front, Century Motors’ unusual 

freedom from vibration is recognized as being of 

vital importance where quietness, accuracy, and pre- 
cision work are all-essential. 


Not only the rotational balance of Century Motors, 
but their design—which includes magnetic proportions, 
end-bumpers, rugged frames, extreme rigidity, and 
accurately machined feet—contribute to this extremely 
valuable feature. You can easily test it by placing your 
finger-tips on a running motor! 


Out of the demands of Wartime production, where 
so often tolerances must be held to the closest limits, 
are being developed even finer Century Motors. It will 
pay you to remember Century in your present and 


Century Form J postwar planning. 


Motor 
CENTURY ELECTRIC C0. 1806 pine Street, St. Louis, Mo. 


Offices and Stock Points in Principal Cities 


Century Motors are available in a wide 
variety of types from 1/6 to 600 horsepower. 








One of the Largest EXCLUSIVE Motor and Generator Manufacturers in the World 
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man behind the Cherry Rivet 


gun really saves time by using 





Cherry Rivets wherever it would be 
difficult to use a bucking bar. And he turns out a better 
job ... thanks to the positive mechanical action which 
is an important feature of the Cherry Rivet. 

To the engineer these rivets mean even greater advan- 
tages. He can now design up to efficiency rather than 
down to a manufacturing limitation. The high shear and 
fatigue values and the excellent shank expansion of Cherry 
Rivets eliminate the necessity of designing away from blind 


spots in both primary and secondary structures. 


Get the complete story on Cherry 
Rivets. Sizes, styles of rivets, appli- 
cation techniques and riveting tools 
cre fully described in the Hand- 
book A-43. Request your copy from 
Dept. A-107, Cherry Rivet Com- 
pany, Los Angeles, California. 


CHERRY RIVETS, THEIR MANUFACTURE 
AND APPLICATION ARE COVERED BY 
U. S. PATENTS ISSUED AND. PENDING. 






































dustrial fluoroscopy, radiography of large castings, forg. 
ings, welded vessels, structures and small objects, also 
radiography with gamma rays. Concluding chapters ay 
concerned with radiographic specifications and inspection 
and operating and cost data. In a series of appendices 
are presented radiographic rules, tables, charts, and , 
1314-item bibliography. The index covers references jy 
the bibliography as well as those in the text. 
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Tool Design 


By Cyril Donaldson and George H. LeCain, Roches- 
ter Athanaeum and Mechanics Institute; published by 
Harper & Brothers, New York; 443 pages, 6 by 9% 
inches, clothbound; available through MAcuHinE De- 
sIGn, $3.75 postpaid. 









Covering general methods of tool design, this book is 
aimed primarily at those preparing for positions as tool 
designers. Because of the influence of tooling on ma- 
chine design, however, the subject is one with which al] 
designers should be thoroughly familiar. The book should 
therefore appeal to experienced engineers whose work in- 
volves consideration of tools, jigs and fixtures, gages, etc., 
in design of machines, though not necessarily requiring 
that they design the tools themselves. 

The introduction is followed by chapters on drafting 
room practice, manufacturing processes as they affect the 
designer, properties of materials, tolerances and allow- bd 
ances, springs, welding, cutting tools, punch and die de- 
sign, gage design, elementary jigs and fixtures, details of 
jigs and fixtures, practical design of jigs and fixtures, con- 
struction of and tools used on Brown and Sharpe auto- ( 
matic screw machine, cam design, and turret lathes. 

Profusely illustrated by photographs and by line draw- 
ings of unusual excellence, the book is thoroughly prac- / 
tical and explains principles in terms of actual examples 
of tool design. 






i 


Commodity Year Book 


Master edition, published by Commodity Research 
Bureau Inc., New York; 413 pages, 8% by 11 inches, 
clothbound; available through Macutine DESIGN, 
$7.50 postpaid. 


Covering virtually all the important raw and semifin- 
ished products, this new edition has gone considerably 
further than preceding editions. An encyclopedia of ma- 
terials, the book lists 836 items, the more important of 
which are discussed in articles extending to several pages: 

Each commodity is analyzed on the basis of a general 
outline covering such points as physical description, 
method of production and area of origin, principal uses 
and finished products, marketing and_ transportation 
methods, comparative prices in recent vears, perishability, 
principal types and grades, possible substitutes, gover 
ment regulations, and import duties. Metals, oils, plas- 
tics, chemicals, etc., of industrial importance are covered, 
as well as foodstuffs, fibers, skins and other items. 
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w- | OSTUCO “semé-tatlers” seamless tubing 
s. 
draw- ~ - : 
mples 
Toki cocs in the arsenal of democracy are the precision machine 
tools which insure the high caliber of workmanship that goes into (A) Samples of OSTUCO tubing supplied to 
- the National Acme Company; (B) Finished 
every round of ammunition. spindles, and pusher tubes used in the Acme- 
, , . Gridley machines illustrated above. Upsetting 
| Long before Pearl Harbor, OSTUCO supplied machine tool manu- for spindles done by OSTUCO. Unusually 
y ° ° ° in- fe > , > 4 iC > Sl > 
‘ facturers with seamless stccl tubing, drawn, finished and formed to thin-walled tubing furnished with high tensile 
| strength. Inside of tubes is commercially 
individual specifications for such parts as spindles, collet and pusher smooth finish supplied by mill, forming, and 
finishing operations at mill cut number of 
sifin- tubes. The ability to mcet these rigid specifications substantially operations this manufacturer must make. 
ably = : (Photos courtesy of National Acme Company.) 
rably reduces machining operations, an advantage that counts even more 
ma- 
— today when the demand for greater production must be met without Vis to for Victory: 
_ any let-up in quality. And while Victory gets first consideration now, ° © © — BUY MORE WAR BONDS 
era i 
tion, OSTUCO is looking ahead to applying newly-acquired skills, tech- oe © — KEEP UP THE SCRAP 
a niques and experience to the post-war developments your new ex- EE A ere een ener ee 
on ; ' ; 
lity, perience is certain to produce. 
ern- 
Jas- So etn eet 
red, Ty SHELBY 
HE OHTO SEAMLESS TUBE COMPANY WS7C Y 
OHIO 
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NO LAGS 


Between Planning and 
Production! 






ye MAKE COPIES OF PRELIMINARY SKETCHES 


All departments can study the “rough” simul- 
taneously, speeding final design. 


yx PHOTO-COPY TRACINGS 


No room for error in photo-exact tracings. They 
are ready in a fraction of the time required by hand 
tracing. 


> ALTERATIONS ON ORIGINALS 


A paper mask leaves any desired section blank, 
permitting changes in copies. The original is un- 
changed for future reference. 


> SAFEGUARD ORIGINALS 


Keep originals in the file and use copies for day- 
to-day handling. Protect expensive originals. Avoid 
delays due to misplacement. 


% COPY LOANED PRINTS 


Prints that must be returned quickly, or reference 
articles that can’t be detached from bound volumes, 
can be speedily copied. 


tr RESTORING OLD TRACINGS OR DRAWINGS 


Torn or faint drawings very often can be “brought 
back”, without redrawing. 


yr SIMPLICITY OF OPERATION. 


No lenses, no focussing, no dark-room. Your 
office boy or girl can operate the Electro-Copyist. 


HUNTER 


Electro- 
COPYIST 





* There is a Hunter 
Electro Copyist 
model for every 
need. Ask for a 
demonstration on 
your own work, or 
send for full de- 
scription by mail. 








HUNTER ELECTRO-COPYIST, INC. 


431 S. Warren St., Syracuse, N. Y. 

















DESIGN 
ABSTRACTS 


Designing Plastic Parts 


“THREE major considerations in plastic design are: 

(1) Selection of the proper material to give the 
desired physical properties; (2) selection of a means of 
manufacture which is suitable and economical; and (3) 
proper part design to enhance the material’s qualities and 
to facilitate manufacture. 

For the sake of discussion, let us assume a_ plastic 
part is wanted. The part could be made by one of the 
following methods: 

1. Standard sheets, rods and tubes of almost any plas- 
tic material in a wide range of sizes could be drawn, 
machined, punched or otherwise fabricated and assem- 
bled into the part. There would be no tool cost, and 
the design or material could be changed at will. But 
there would still remain the problem of machining and 
assembling each unit. 

2. A steel master of the part could be made. This 
mandrel, when dipped into molten lead, will form lead 
shells which serve as molds. Cast phenolic resin, acrylic 
resin or styrene resin could be poured into these shells to 
produce the plastic part. This would cost only one to 
two hundred dollars for the tools, but the materials are 
limited and the design is limited to simple shapes and 
wide tolerances. 

3. If the part is of constant, not too heavy cross sec- 
tion, an extrusion die can be made and the part “squirted” 
in continuous lengths. A simple die is quite inexpensive, 
but this method is suited only to continuous lengths and 
principally to thermoplastic compounds. 

4. If the part is fairly simple in shape and can be made 
of laminated fabric or veneer, an inexpensive mold can 
be made and the part produced by low pressure laminat- 
ing. This is the method being used to produce airplane 
fuselages and sections from plastic laminates. 

5. A hardened steel mold could be made and the part 
molded exactly to size. The mold would cost about $500 
and might run much higher. But this method is advar- 
tageous in that molded parts, even if complicated, cam 
be reproduced rapidly, dependably, and as a_ finished 
product. 


Molding Methods Are Listed 


By far the greatest percentage of plastic parts ae 
molded by the last method; we shall recognize it as the 
most important, and devote our comments on design ' 
it. The use of this hardened steel mold will vary a 
cording to the type of molding which we choose to us 
We have our choice of the following: 

a. Compression molding, in which the plastic com 
pound, usually thermosetting, is molded under heat and 
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' DEPENDABLE POWER FOR HYDRAULIC PRESSES 
with the H-P-M TIMKEN BEARING EQUIPPED PUMP 


Above is shown a cut-away view of the latest 
model H-P-M HYDRO -POWER Radial Hy- 
draulic Pump—dependable source of power for 
presses and all kinds of hydraulically-operated 
machines, These pumps are noted for long ser- 
vice at high and constant volumetric efficiency. 
This depends upon maintenance of precision 
relationship (minute working clearance) be- 
tween the high-speed rotor (A) and stationary 
valve pintle(B). Should these parts be permitted 
to get out of alignment or contact each other, 
the efficiency and life of the pump would be 
greatly reduced. To prevent such possibilities, 
both the rotor and the valve pintle are mounted 
on Timken Tapered Roller Bearings of extreme 
precision, This assures preservation of the orig- 


TIMKEN 


TAPERED ROLLER BEARINGS 
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eer eel 


inal operating clearance; freedom from rotor 
friction; and full protection against radial, thrust 
and combined loads—therefore greater endur- 
ance. Furthermore, should a slight amount of 
wear develop after years of continuous opera- 
tion, the bearings can be adjusted with hair- 
splitting accuracy without dismantling the pump 
or even removing it from the machine. The 
Timken Roller Bearing Company, Canton, Ohio. 








One Reason Why 
John Bean Pumps 


LAST 
LONGER 
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H idden away in the bottom 
of John Bean Pumps, there’s 
a powerful little Magnetic 
Drain Plug. This plug at- 
tracts and holds ferrous 
metal particles that inevi- 
tably form in the lubricant 
as a result of the continual 
contact of moving parts. 


BEARINGS 


Metal particles not only act 
as an abrasive in the lubri- 
cant, but when deposited in 
bearing races they cause the equivalent of a 
heavy overload. By removing these particles as 
fast as they appear, Lisle Magnetic Plugs elim- 
inate one of the most common causes of prema- 
ture bearing failure. 


WRITE for complete information and 
details on sample offer for testing. 
LISLE CORPORATION 
Box 1003, Clarinda, lowa 





DRAIN PLUGS 
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pressure. A charge of compound is placed in the mold 
cavity and the plunger, as it enters the cavity, forces the 
material to the shape of the mold. The mold is heated 
to 350 degrees Fahr. and the pressure of molding com. 
pound will be from two to ten thousand pounds per 
square inch. 

b. Transfer molding, in which the plastic material ; 
charged into a separate well; a plunger entering the wel 
forces the compound through a sprue and runner ints 
the part cavity. Since there is very little pressure in the 
cavity until it is full, a weak mold section or a delicat; 
insert can be safely used. 

c. Injection molding is designed primarily for thermo. 
These materials are heated and kept 

During the molding cycle, this ma- 


plastic materials. 
fluid in a cylinder. 
terial is forced through a nozzle into a cool cavity, where 
it loses heat and solidifies. 

d. Cold molded parts are pressed under pressure alone: 
the heat is added and the parts are cured in a baking 
operation which follows the pressing. This method pro- 
duces a coarser looking part, with broader dimensional 
tolerances. 

e. Molded laminated parts can be pressed from im- 
pregnated paper or cloth; the design must be quite simple 
and the cross section of the part uniform. 


How Material Properties Affect Design 


It is important to visualize the material properties and 
the molding operation so that we can properly allow for 
them in design. For example, if the part has a low im- 
pact strength, we must provide thicker walls and fewer 
projecting fins; if a part is to be compression molded, at 
high pressures, we must have sturdy inserts and a strong 
mold. 

Fundamental, of course is that we must be able to get 
the part out of the molds; if undercuts are necessary, it 
will mean extra mold parts expense. And since our parts 
must come out, we should have at least .008-inch per 
inch taper on the vertical walls. 

Design to avoid as much machining as possible; tap- 
ping, drilling, grinding and machining of undercuts is 
frequently justified, but machined surfaces are susceptible 
to wear and to moisture absorption. 

Consider the mold which is to be made; avoid sharp 
interior corners by providing radii on the part. There 
should be no radius at the cutoff corner, however. Do not 
require unnecessarily close tolerances. In general, on @ 
fixed mold dimension, tolerances can be held to plus or 
minus .003-inch per inch. On dimensions which are 
affected by the closing of the mold, an additional 0 
to .02-inch is required. You should allow about .003-inch 
for warpage per linear inch of flat surface. 

For phenolic parts, an average wall thickness is 3/32 
inch, and the minimum should be .025. Injection molded 
thermoplastics are preferably .07 to .125-inch thick. Keep 
the wall thicknesses uniform, with no abrupt changes 1 
section. Plastic parts shrink as they cool, and the uneven 
sections cause strain and cracking. 

Brass, steel, aluminum—inserts of almost any type— 
can be molded into plastic parts. They should be ur 
formly made to fit the mold, and designed to resist the 
molding pressures and temperatures. Grooves, knurls or 
other irregular surfaces must be provided to anchor the 
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Oui one American in many thousands 
is privileged to wear the “E”’ pin, symbolic 
of high achievement on the production 
front. It symbolizes skill and determina- 
tion above and beyond the high average 
standard set by American Industry.» » 7 The 
men and women of Connecticut Telephone 
& Electric Division have been honored by 
the Army-Navy Production Award twice 


in a period of six months. This symbol 


THE SKILL cued THE WILL 





of a job being well done in the cause of 
Victory is evidence, too, of what may be 
expected when the war is won.’ 77 The 
manufacturer seeking cooperation in 
product engineering and improvement, 
the development of production control, or 
any problem involving the application of 
advanced electrical or electronic knowl- 
edge, is cordially invited to discuss the 


matter with our engineering staff. 





© 1943 G.A.1., Inc., Meriden, Conn. 


IGN, ENGINEERING & PRODUCTION 


PRECISION 
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insert to the compound. 
Remember that for every hole or depression, there mus 


ail M AS FLEX BLE ‘Al lJ Pl | N GS _ be a corresponding mold part; if it is too weak or tt 
slender, it will break or bend in molding. Molded thread i 
. larger than a number 8 with less than 32 threads Der ing) 
are quite simple to mold, and are very satisfactory. 
e e e Good part design involves just the exercise of gon 
Last a Lifetime Without | judgment and a familiarity with the material used and 


the process of manufacture—From a recent paper by 


o 
Maintenance e e e W. S. Larson, General Electric Co. 


Electronic Motor Speed Control 


NO WEARING P A RTS ECENT refinements in alternating-current variable. 


speed drives with electronic control eliminate map 

of the earlier handicaps and make the new systems com. 

parable to or better than other existing solutions. }y 

NO | general the system, as shown in the illustration, consis 

of a single or polyphase grid-controlled, thyratron tube 
B A C kK l A S rad | rectifier which takes power from an alternating-current § 
line and rectifies it into direct-current output. The reeti- 

fied direct-current voltage is applied to a regular shunt 

wound direct-current motor and may be varied from zen 

NO l UB /C 7/0 to motor rated voltage (or above) for direct-current arma- 
R 4 N | ture control. Smaller thyratrons also are used in the con- 


trol to provide rectified direct-current field current for the 


POWER 
site TRANSFORMER. 
| (Separate Mounting) 
220.9) 
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MOT-O-TROL 
CABINET 


High quality in flexible couplings is as important 
to you as good construction in prime movers and 
connected machines. Built to suit any standard as 





well as special applications, Thomas Flexible 
FORWARD 


Couplings protect the very vitals of large or small 1} if SPEED 
equipment. Not only will the couplings last a life- | | 


time without maintenance, but they will add years | pe Reverse 





of life and permit continuous production from | 
your costly engines, motors, and turbines, as well aa FORWARD 


as the expensive machines they drive. It will be conven, 
| | CIRCUITS REVERSE 


\ 


push BUTTON 


- —. wee | SPEED CONTROL 
FLEXIBLE COUPLINGS | ' STATION 











well worth your while to send for a catalog today. 


























THOMAS FLEXIBLE COUPLING CO. 


he ee ne ee ee 
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POWERFUL 
SPRING TENSION 


MANY WIDE 
CHISEL EDGES 


Note the two distinctive design fea- 
tures highlighted by the enlarged Ever- 
LOCK Washer illustrated above. They are 
responsible for the unmatched staying 
power of EverLOCK Washers. 

The multiple teeth bite into the work 
for the full width of their sharp chisel 
edges .. . providing several times more 
area of resistance than with other lock 
washers. Powerful spring tension keeps 
the wide chisel edges braced in their 
tracks .. locked against every conceiv- 
able loosening action. Combined with 
this double indemnity insurance against 
loosened bolts, nuts and screws are im- 
portant savings in assembly time. Wire 
your order today. 


Listed on Government Ordnance Standards. Prints BEAX 1-2-3-4. 
Shown on AN936 (Army-Navy Aeronautical Standard) 


LOCK 


WASHERS 


PROMPT DELIVERY ON MANY SIZES 


Extra Heavy Duty External Type 


Internal-External Combination Type 
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Let HYDRO-POWER 
Design and Build Your 
Special Hydraulic 
Te 
Assemblies 


= 


Hydro-Power engineers and 
craftsmen have the “know 


“ to assure the suc- 


how 
cessful operation of your 
hydraulic ram and cylinder 
applications. This large 15 ft. 
telescoping hoist developed 
for a large scale manufac- 
turer illustrates the precision, 
engineering skill and accu- 
racy built into all Hydro- 
Power hydraulic assemblies. 
For the practical application 
of controlled hydraulics to 
your product, investigate 
HYDRO-POWER today. 

HYDRO-POWER SYSTEMS, INC. 


Division of The Hydraulic Press Mig. Co. 


Mount Gilead, Ohio, U. S. A. 


‘hydro 
7 


power : 


HYDORO:POWER 


HYDRAULIC PUMPS AND CONTROLS - VALVES - CYLINDER AND RAM 
ASSEMBLIES - POWER UNITS - SYSTEMS - SPECIAL HYDRAULIC EQUIPMENT. 
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motor, the field voltage being held constant throughoy: 
the range of armature voltage, then reduced to provide 
greater speed range by field weakening. 

The diagrammatic sketch represents a Mot-O-Trol sy 
tem for one horsepower and smaller, using single phase 
full-wave rectification on both field and armature. Fou 
pieces of equipment are involved: The small power tray. 
former, for separate mounting on the original machine, th 
Mot-O-Trol cabinet proper, control station, and direct. 
current motor. 

Speeds may be preset to any desired speed within th 
design range with two speed-control potentiometers anj 
reversing contactors as indicated. Different forward anj 
reverse speeds may be preset so that only the operation of 
the forward or reverse pushbuttons is necessary to obtain 
a predetermined speed in either direction. Speed als 
may be adjusted at any time while the motor is running 
Speed control potentiometers are tandem type to cover 
the entire range of armature and field adjustment on , 
single dial. Adjustment changes the firing point on the 
alternating-current line voltage wave at which the tubes 
fire and thereby varies the output direct-current voltage 
as required. : 


Extensive Speed Range Available 


Normal speed range by armature control is 20 to || 
(below the base speed of the motor) though a wider | 


range such as 100 to 1 is obtainable. Above basic speeds 
field control is used, normally 2 to 1 for standard motors 


but limited chiefly by the mechanical limitations of the | 


motor. 

The standard drive is designed to regulate automatic- 
ally the motor speed, if adjusted for any one speed, so as 
to maintain essentially constant speed regardless of load. 
Through other small, inexpensive contro] tubes the direct- 
current voltage output of the main rectifier tubes is con- 
trolled to compensate for speed changes. The degree of 
compensation can be adjusted from within the contro 
cabinet. In a properly adjusted system the speed will not 
vary more than 4 per cent from a presetting (with torque 
varying from no load to full-load value) for a speed 
range as much as 10 to 1, nor more than 8 per cent for 
any speed within the range of 20 to 1. Normal variations 
in alternating-current line voltage have only a small effect 
on the speed regulation. 

Motors furnished with the Mot-O-Trol system are se 
lected to handle constant torque load over the entire 
armature control speed range (or up to the base speed of 
the motor) and constant horsepower over the field con- 
trol range, continuously without exceeding safe temper 
ture limits. The frame size of the motor will depend up0 
the base speed rating and other operating characteristics 
but in most ratings will be somewhat larger than the 
standard direct-current motor frame of the same horse 
power and basic speed rating. The reason for a larger 
motor frame in most cases is due to the high form factor 
of pulsating current obtained from the rectifier when the 
firing angle is phased back to obtain low output voltage 
and consequently low motor speeds—From a paper 
T. R. Lawson, electronic control engineer, Westinghouse 
Elec. & Mfg. Co., presented at the recen’ Machine Tool 
Forum. 
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Are you looking for a 
gasket that will form 
a perfect seal where 
mated to 

that will 


metal is 
metal... 
permit quick, low-cost 


assembly and resist 


deterioration by oil, 


weather, gas, corona? 


HERE’S THE SOLUTION: For this 
type of sealing problem, Arm- 
strong’s sealing specialists recom- 
mend one of Armstrong’s Cork-and- 
Synthetic-Rubber Compositions. 

Granulated cork makes this com- 
position truly compressible and 
lastingly resilient. The synthetic 
rubber base provides excellent re- 
sistance to oil, corona, gases, and 
all weather conditions. 

Installation of the gasket is easy 
and inexpensive. Smooth-finishing 
of the metal surfaces is unnecessary. 
A strip of the composition is placed 
a groove machined in one face of 
the job. The ends are butted. No 
adhesive is required. 





Sitove sopenilily, as shown in the 
wing above, the gasket projects 
above the face. It compresses with- 
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out flow when the two metal sections 
are bolted together. The result is a 
perfect seating of the two parts, and 
a permanent seal. 

Armstrong compositions are 
widely used in this type of applica- 
tion. Years of satisfactory service 
have proved them to be the perfect 
solutions to many problems. 


Rolls, Sheets, Gaskets, Molded Parts 


If you have a sealing problem, 
send the details and an assembly 
print to Armstrong’s sealing 





specialists. They can give you un- 
biased recommendations, for there 
are over fifty sealing materials in 
the Armstrong Line. The general 
types are listed below. They are 
available in rolls, sheets, gaskets, 
molded shapes, and extruded rings. 


Free Booklet 


Send for your copy of the 
free booklet, ‘‘Armstrong’s Gaskets, 
Packings, and Seals.”” Write Arm- 
strong Cork Company, Industrial 
Div., 5107 Arch St., Lancaster, Pa. 


AViP Rai 


GASKETS : 


SEALS : 


PACKINGS 


Synthetic Rubbers * Cork-and-Synthetic-Rubber Compositions” 


Cork Compositions . 
Fiber Sheet Packings © 


Cork-and-Rubber Compositions 
Rag Felt Papers 


Natural Cork 


*FORMERLY ‘*CORPRENE’? 




















FOR BETTER MACHINES AND APPLIANCES 


Trade Mark Reg. U. S. Pot. Off. 


Sintered IRON 


Parts and Bearings 


the Proven 
Substitute 
for Critical 
Materials 


Save Material 


Save Machining 


Clear Machines 
for Other Work 


Reduce Maintenance 


Improve Performance 


Write for descriptive bulletin on your business stationery. 
Diversification of sizes and shapes--thousands of tools onhand. 
Engineered Sales* Continuous Research Skilled Production. 





Bound Brook Oil-Less Bearing Co. 
(Established 1883) 

Main Office and Plant, Bound Brook, N. J. 

Detroit, Michigan, 1255 Book Building 

Los Angeles, Cal., 1901 Santa Fe Avenue 








High-Frequency Heating 
Speeds Plastic Molding 
(Continued from Page 103) 


rial together form a condenser. If the material were 


pertect dielectric no heating would occur. However, qj 


present-day thermosetting materials are sufficiently far Fi 


from perfect dielectrics that the highly oscillating field 
generates enough heat in the material to raise it to mold. 
ing temperature within a matter of fifteen to sixty second; 

It may be worth while to show the basic formula { 
heating by this means: 


Or 


H = Kf (L.F.) (E/t)? 


where H = heat per unit volume, K = constant, f = fre. 
quency, L.F. = loss factor, E = voltage, and t = thick. 
ness of sample. 

It will be noted that heating varies directly with fr. 
quency and loss factor, and as the second power of the 
term E/t, the potential gradient across the sample. For a 
given material the loss factor is fixed. As a general state. 
ment, the higher the frequency of the current, the more 
it costs. It is therefore logical to go as high as possible on 
the E/t term. The limitation in going up in potential js 
the danger of dielectric breakdown or arcing between the 
electrostatic plates. This limitation makes it desirable to 
work at frequencies of ten megacycles or higher, which is 
quite feasible today since power tubes are available within 
this range, although obtaining them requires a convincing 
argument to the Wear Production Board. As one attempts 
to go to tubes operative at considerably higher frequen- 
cies, difficulties in operation and procurement multiply. 


Automatic Operation Desirable 


The present simplest procedure applied to thermosetting 
plastics consists of heating the material to or near its mold- 
ing temperature, quickly transferring the hot material to 
the mold and closing the mold to complete plastic flow 
prior to any substantial hardening of the material. The 
time available for this operation will vary somewhat for 
different materials. High temperatures are an advantage 
in speeding up the molding but the process also becomes 
more critical and therefore the best available compromise 
has to be made for each set of operating conditions. It 
will readily be appreciated that automatic operation o 
all ‘sequences is most desirable if the process is to be 
speeded to its ultimate. 

As will readily be realized, the rate of heating must 
bear a relationship to the speed at which the plastic 
hardens. Thus if heating requires too long the material 
will commence to harden before flow is finished in the 
die. For the present general-purpose phenolic it is de 
sirable to have a machine of about five kva input pe 
pound of material. If 50 per cent conversion of elec- 
trical energy to heat is obtained, as may be expected, 
this means 2.5 kva per pound, which should heat the 
material to molding temperature in forty-five seconds or 
less. 

It is advisable to have the molding material in 
formed state if best uniformity and heating efficiency 
are to be obtained. While powder will heat, it will be at 


a pre- 
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experience si 


74 years of pneumatic engineering 





Perhaps you’ve never thought of it that way .|. ) but 
every time you ride a train you get a practical demon- 
stration of the flexibility, simplicity and effectiveness 
of pneumatic remote controls. 

Each demonstration certifies the thre¢-quarters of\a 
century of Westinghouse Air Brake Company experi-~ 
ence behind these controls . . . experience that is now 
available to you. 

Stimulated by the needs of war, W-A-B Remote 
Control Systems are already at work in new and 
broader fields. They are helping to improve output 
and better performance in Marine, Earth Moying, 
Mining, Petroleum, Lifting, Conveying, and Factory 
equipment. 

One tremendously important current application, 
for example, is in ships. The W-A-B Control Systems 
concentrate command of all engine maneuvering in a 
few small levers grouped in control stations located on 
the bridge, in the engine room . . . or both. Control of 
the ship is almost as centralized and simplified as the 
control of your car. 

Speeds of individual ¢ngines can be varied and 
synchronized to hair-lin¢g limits; the smallest move- 
ment of the graduating lever is reflected by a pro- 
portionate movement /of the enginé-room controls, 
with no lost motion, back-lash, or play. In any cycle 


W-A-B 


PNEUMATIC 
PNEUMATIC -ELECTRIC 
PNEUMATIC -HYDRAULIC 


now avatlable to you, too! 


of operations such as speed reduction, declutching, 
braking, reversing, clutching and pick-up, timing is at 
the will of the operator — but sequence cannot be 
varied through ignorance or carelessness. Safety and 
limiting devices are directly and positively inter- 
locked, without the need for complicated auxiliary 
mechanisms. 

Examples like this are not intended to define your 
specific use of W-A-B Remote Control Systems... 
but merely to suggest their almost limitless possi- 
bilities. In many cases, control problems have been 
solved by the use of standard “off the shelf” W-A-B 
devices. 

You and your engineers can tell, better than anyone 
else, where W-A-B Remote Control Systems — Pneu- 
matic, Pneumatic-Electric, or Pneumatic-Hydraulic 
— would fit into your plant or your product. Our 
representatives will be glad to focus W-A-B experience 
on the development of a system engineered to your 
exact requirements. Phone, wire or write. 


Westinghouse Air Brake Company 


INDUSTRIAL DIVISION 
General Offices: Wilmerding, Pa. 


of Pneumatic Control Experience 


74 Years 


Remote control systems 
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a lower rate than with preforms and there is more dange, 
of differences in temperature developing within the my 
terial being heated. Although it is not necessary to hy, 
absolute uniformity in order to show a distinct advantay 
over present compression molding, as the process becom 
more automatic and is speeded up to its ultimate, the yy, 
formity of temperature will assume great importang 
Factors influencing uniformity are: 


1. Uniform density of material, generally the highest 
density being preferred 
2. Uniform thickness and shape of preform. 

A point not usually appreciated by those unfamilia 
for SU RFACE INSPECTION with the technique is that uniformity is greatly influenced 
for ACCURATE COMPARISON by the shape of the part to be heated. Although od 

shapes can be heated it is simpler if uniformly thick fa 
* Acme Optical Flats are finished 
to a degree comparable to abso- 
lute flatness. And, when used to 
check the flatness of a surface, 
deviations can be quickly detected 
and accurately measured. Too, 
they serve as an accurate com- 


Parator in connection with your 
gage blocks as illustrated at right. 





preforms can be used. 


Cure Time Not Dependent on Heat Transfer 


If the best principles of this new process are followed, 
certain definite and distinct advantages are obtained. The 





Used with the Acme Mono- Above illustration shows an : ; ; on 8. te coud ; 
chromatic Lamp that provides fer Geet Oe ene first of these is shown in F ig. 1 from which it will be noted f 
— of “a preg inter- work and gage for determi- that cure time is almost independent of thickness of sec- 
dhe dheaaah bg thy sities po 7 a eS tion. This great difference is due to the fact that the 


material is uniformly heated prior to molding and there- 
fore the time in the mold is not greatly prolonged by the 
ACME INDUSTRIAL Co. slow rate of heat transfer. 
Makers of Standardized Jig and Fixture Bushings A second advantage is increased plasticity. Data are 
211 N. Laflin St. MONroe 4122 Chicago, II. presented in the form of “closing time” of a standard cup 
mold, as shown in Fig. 2. That is, the time to close the 
die under definite conditions of temperature and pressure a 
is a practical measure of the plastic properties of the 
material. The shorter the time the more fluid the plastic. 
Work done is in al] cases substantially less using 


| G Hes E w E 0 | G 4 0 W LA a P 5 Heatronic molding. However, the work is done in 9 


: : : much shorter time that the power, which is rate of work, 
for Emergency Lighting Circuits 


Complete Details and Prices are yours for the Asking! 

















is usually higher. This simply means in most cases that ( 
lines from the accumulator will have to be larger. In 

















other cases, such as self-contained units, it may mean 1 
ENERAL ELECTRIC Neon Glow Lamps are lower pressure, higher volume pumps. Phenolic thermo- ( 
particularly well suited for use on emergency setting materials have thus far been discussed, with oc- 
throw over lighting systems to show location of casional references to the urea type. The phenolics ap- ' 
= — we nen ceieaia encanta pear unusually well adapted to this process. However, | 
the distinctive and character- a ‘ other varieties such as urea, melamine, alkyds and various | 
istic orange-red color of light YN types of rubber can be heated quite readily and redue- : 
ca anes ~ ae "ae ee tions both in molding pressure and time of molding are | 
standby battery, or generator obtained. It is therefore anticipated that general use wil 
service). They stand up under be found for the process. 
shock or vibration, will operate 
at standard voltage on A.C. or 
D.C., and have a useful life of Avoids Prolonged Heating of Thermoplastics 
approximately 3000 hours. 
Your electrical wholesaler has Advantages in the thermoplastics field are not as strik 
tty pant = any ing as for thermosetting, which is not to say that substantial 
ing many other uses, write 05 14(.E Neon Glow uses will not be found since in some respects thermopls 
Department MD.-7 at the ad- Lamps in 3 and 2-watt tics also are limited by heat transfer. For instance, 10 the 
_—— iy 60 volts AC. 85 volts DC. molding of large parts, recourse has been had to multiple 
cylinders. In the handling of heat-sensitive products vat 
ous forms of torpedo construction and cylinder streat- f 
N ELA SPECIALTY DIVISION, LAMP DEPT. lining have been par aay All these are really different 
' GENERAL 46) ELECTRIC manifestations of the tendency of all thermoplastics 
break down if subjected to high temperatures for long 
410 Peighth Street, Hoboken, N. oi . periods of time. Heatronic heating will raise the mate 
rial to molding temperature in a relatively short per 
202 MACHINE DesicN—July, 1943 Mw 
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LINK-BELT SILENT CHAIN 


DRIVE OPERATES GAS 
AND OIL PUMPS ON 
NAVY'S TANK TRUCK! 








@ Efficient, dependable pumping of gas- 
oline or oil from these ‘“‘dry-land tankers’’ 
to Navy planes or boats demands a power 
drive that is reliable under the most severe 
conditions. Link-Belt *Silverstreak Silent 
Chain was selected for this vital function, 
an outstanding recognition of its perform- 
ance advantages and inherent stamina. 
Silverstreak Silent Chain Drives are well 
fitted to meet such exacting requirements 
—temperature and atmospheric conditions 
have no effect on its smooth, trouble-free 


* In cooperation with the government conservation pro- 
gram, Silverstreak silent chain will hereafter be furnished 
in a durable “black-out” finish. 


LINK-BELT | 
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The Heil Company of Milwaukee, Wis., has 
furnished the Army and Navy with numbers 
of these refueling units. Pumps, clutches and 
control valves are in cabinet on side of truck. 
Above is view of pump shaft, with Link-Belt 
Silent Chain driving from power take-off. 








-~ 


operation. Power is transmitted without 
slipping, delivering every r.p.m. without fail. 
It requires no attention beyond occasional 
lubrication. Under severe conditions in 
numerous diversified industries, Link-Belt 
Silverstreak Silent Chains have made rec- 
ords of 10—15—20 years of continuous 
operation at amazingly low cost figures. 
Send for Data Book 125. 


LINK-BELT COMPANY 


Indianapolis Chicago Philadelphia 
Dallas San Francisco Toronto 
Offices, Warehouses and Distributors in all the Principal Cities 


Atlanta 












of time, thus removing the necessity for multiple heating 
cylinders and for long periods of time in the heating vy}, 
7 inder. A great advantage not only in making large part ' 
but in minimizing plastic breakdown has therefore been 7 


gained. 
| Mo 
Another point also should be stressed. The pressure 
| exerted by the injection ram in present injection molding N 
| \ 








Savings in Power Requirements Effected 








is often absorbed to the major extent in attempting tp 


move cold material through the heating cylinder. Pres. 
| sure dissipated in this way is not effective for producing Mote 
| positive effect on the molded piece in the die. If plastic | mach 
| material is charged to the cylinder, this source of pressure Th 
loss will be removed, resulting in less power requirement Pie 
to do a better job than at present. = 
In conclusion the following advantages are character. founc 
| istic of the process for molding thermosetting materials: moto 
1. Increased speed of hardening, especially for thick for 1 
sections Th 

2. Increased plasticity which enables greater production 

from the same press and die or a smaller press and Mot« 
die for the same production appli 
3. Less wear on dies drud, 
4. Less danger of pin and insert breakage or displace- Won 


ment 

5. Probable use of lower cost dies of cast or plate types 
where only limited production is desired and cost is 
a considerable factor, due to the lower pressures and 
less abrasive nature of the plastic 

6. Feasibility of molding large parts on a fast cycle. ; 


For thermoplastics, advantages are to be found in: 


1. Elimination of the present heat transfer problem in 
heating cylinder design and thereby allowing for 
large moldings from a single heating cylinder 

2. Lower power requirements for the same moldings 

3. Less polymer breakdown giving molding parts of im- 
proved quality | 

Mitigation of present stringent requirements for heat \ 











resistance 


While no particular mention has been made of the 
Felt, in one of the many forms developed by I 


Western, may be your solution to one or several 
of today’s material restrictions. 


For example, in numerous new applications, felt 


strength of molded parts, exhaustive data by well con- 
trolled comparative tests have shown molded specimens 
equal to or better than those obtained by present con- 


has been found a worthy successor to rubber... 
in some instances providing desirable qualities 
not available in rubber. In fact, wherever require- 
ments call for flexibility, resiliency, compressibil- 
ity, sound-deadening and water resistance, this 
plentiful material . . . readily fabricated to close 
specifications . . . offers numerous definite ad- 
vantages. 





| 
| 
| 
| ventional methods. 


Vibration Isolation in 
War Machines 


Raia » 199) 
Western engineers are prepared to study your | (Continued from Page 129) 


problem and submit an unbiased recom- 
mendation on the possibilities of felt as 
a practical solution. 


WESTERN FELT WORKS 
CHICAGO, ILL.: 4035-4117 Ogden Ave. 


DETROIT, MICH.: 420 Stephenson Bidg. 
Branch Offices in All Principal Cities 


| curate knowledge of weight supported; an improper selec- 
tion will almost inevitably result ih poor isolation charac 
teristics. 

In a resilient mounting installation without such snub- 
| bing, a large displacement can result in metal-to-metal 
contact of bracket members. Accordingly, it is usually 
| desirable to set limits to travel, either early or late in the 
stroke, employing a stiff, though far from rigid, medium. 
Recommended travel in either direction before underg® 
ing snubbing action should be seven to ten times the single 
amplitude of the most destructive high frequency comp® 







Largest independent 
Manufacturers 
and Cutters of Hair, 
Wool and Jute Felts 


Processors of Synthetic Rubber and Plastics 
Sheets « Extrusi ¢ Molded Parts 
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This Sewing Machine 
Motor Started Something! 





Ayn historic event—at the turn of the century— 

!\ was the development of an Emerson-Electric 
Motor for attachment to the foot-power sewing 
machine, then in use. 


This simple motor application marked the be- 
ginning of an era in which an entire industry was 
founded, bringing a multitude of labor-saving, 
motor-driven appliances and comfort conveniences 
for the home. 

Throughout this long period, Emerson-Electric 
Motors have played a major role in powering these 
appliances. They have lifted the yoke of household 
drudgery and created the opportunity for American 
Womanhood to achieve a fuller life. 





THE ELECTRIC MOTOR ENTERS THE HOME! 
Sewing Machine reproduced from Emerson-Electric advertising of 1899 





















































TYPES OF HOME APPLIANCES POWERED BY EMERSON -ELECTRIC MOTORS 


When war came, the entire resources of Emerson-Electric's 53 years’ experience 
were quickly converted and tremendously expanded for manufacturing vital 
implements of war—power-operated revolving gun turrets, shell parts, and 
many new types of electric motors for aircraft. 

Out of the urgencies of war will come entirely new conceptions of electric 
motor design, construction and efficiency. “After Victory”, manufacturers of the “Until the war, 1 never fully 
_ s dri e : : wal fident! appreciated the importance of 
In recognition of their "pa- new and improved motor-driven appliances and equipment will confidently the clostnle tantecs ou ty betes 
triotism and great work", power their products with these motors. appliances.” 

Emerson-Electric workers 


were presented with the THE EMERSON ELECTRIC MANUFACTURING COMPANY 


Army-N *°E** A d. 
sd — SAINT LOUIS « Branches: New York + Detroit Chicago « Los Angeles * Davenport 





EMERSON fs ELECTRIC 


ower ee miata 
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TUTHILLS @ 


V-BELT DRIVE %& 
FOR VICTORY 


LONG LIFE — NEGLIGIBLE MAINTENANCE 
IN HANDLING HEAVY LIQUIDS 


From one end to the other, this compact V-belt 
driven viscous liquid Tuthill pumping unit is 
engineered for long, dependable and economical 
service in war-time as in peace. Quiet in opera- 
tion, simple in construction, it is of the positive- 
displacement, internal-gear rotary type that has 
made Tuthill Pumps synonymous 
with dependability in industry. 
Features include outboard _ball- 
bearing shaft support, belt ten- 
sion adjustment by one set-screw, 
wide range of speeds, capacities 
and pressures, inexpensive replace- 
ments, negligible maintenance. 
Write for 
Viscous Liquid Pump bulletin 


TUTHILL PUMPS ARE 
SERVING ARMY 
NAVY <@ AIR FORCE 


MERCMPANT MARINE 


TUTHILL 


939 EAST 9STH STREET 





PUMP COMPANY 





CHICAGO, ILLINOIS 



































The self-sealing 
plastic film that’s flexi- 
ble, transparent, water-proof! 


PRESTO-SEAL is a thin, transparent 
protective covering that adheres instantly to any 
surface. It seals itself to the surface of your tracings, 
charts, etc. and becomes a waterproof, dirt-proof, 
washable coating that will protect and preserve 
your original. You can write, draw, or type on 
the PRESTO-SEAL surface. 

In rolls 24 in. x 20 yards $8.33 per roll 

Sample sent on request 
EVERYTHING FOR THE DRAFTING ROOM! 

Proportional Dividers Steel T-Squares 
4-Post Drafting Tables Plan Filing Cabinets 
Splines and Weights Scale Rules, Triangles, 
Drafting Boards and Horses Protractors 
Steel Straight Edges 

Write for 224-page 
COMPLETE GENERAL CATALQGUE 


The 2 Store of Art Malerials 
ARTHUR BROWN & BRO. 


New York, N. Y. 





67 West 44th St. 


















nent of disturbance; at the same time this clearance should 
be at least equal to the amplitude of the lower frequenc 
component. If it is found to be entirely impractical ; 
provide an assembly according to this plan, because of 
space limitations (it is to be borne in mind that the saj. 
travel for a rubber mounting is proportional to the rubbe 


dimension being deflected), probably the worst alter. f 
tive would be to incorporate snubbing at some short } 


degree of travel. Such an arbitrary choice has been knowy 
to result in the magnification of vibratory forces due to th 


effect of blocking the movement of the system when it | 


velocity is high. It is felt that a decidedly better compron. 
ise than this is to incorporate earlier snubbing action 
(which does not stiffen up sharply at any stage of de. 
flection), in order to check the movement before high 
velocity can develop. 


Consider Center of Gravity Location 


In approaching a conclusion on this subject, a number 
of practical points can be mentioned which have been 
found to be of advantage. Particularly important is the 
advisability of locating mountings in either a horizontal or 
a vertical plane with the center of gravity of the supported 
equipment. 
pension” are: (a) It substantially prevents different 
modes of vibration from becoming coupled; (b) the in- 
dividual natural frequencies can be made to fall within 
a reasonably narrow range; and (c) for a given stiffness 
of mountings this arrangement yields the greatest possible 
stability. 

There is no question that rubber mounting engineers 
would be in a position to extend greater service in devising 
outstandingly protected equipment installations if the at- 
titude “Here’s a piece of apparatus; how will we mount 
it?” were superseded by: “We are laying out a new de- 
vice. What provision shall we make for rubber mount- 
ings?” Nevertheless, in the necessary haste of our present 
problems, we are often compelled to do the best we can 
with what exists now. This fact has often been the reason 
for locating the points of resilient support at the base of a 
tall piece of equipment as in Fig. 8a; the stability of this 
assembly, with center of gravity high above the mounting 
plane, would be greatly improved by the addition of stabil- 
izing mountings at the top as indicated in Fig. 8b. 


Providing More Protection for Individual Elements 


Sometimes an individual delicate element in an appara 
tus requires a greater degree of protection than can be 
provided within the overall limitations of a resiliently 
mounted installation. This might be true of a particular 
radio tube in a set mounted at the cabinet base. An ar- 
rangement that has been applied to provide the required 
protection in such instances is the separate mounting of 
that single element as a unit. Having done this, one 38 
not to expect this secondary mounting system to exhibit 
a natural frequency that can be anticipated solely in terms 
of its own static deflection, since the resilient supports at 
the base will also have a bearing on the combined natural 
frequency. Before freezing such a design, it is recom 
mended that the complete apparatus be subjected to shake- 
table tests and that all mounting selections be fixed on the 
basis of the observations made. 
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= Less than 20 ft. long, weighing approximately a ton, the deadly giant “‘tin fish” 


nount- 


resent torpedo can blast a $60,000,000 battleship into jumbled scrap. . .. Within its 
a cylindrical steel walls are 5,222 parts — 1225 different assemblies — for propul- 


‘eason 


3 sion, navigation and destruction. . . . Some parts are machined to dimensions so 
) 1S 
inting close that their lubrication is accomplished with a medical hypodermic needle. 


wad ... Seamless steel tubular parts for these most complicated and deadly devices 
of warfare are produced at Globe Steel Tubes. ... Globe ability to produce steel 
tubes of exacting characteristics is effectively helping to perfect this most 


see complicated device of destruction. 


ently We salute the fighting courage of 
cular 
— so skillfully drop “‘tin-fish” from 
er the sky to hasten Allied Victory. 
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HIS LIFE 


REXx-WELD Flexible Metal Hose has met the 
critical test that demands only the best materials 
for our combat planes. More and more bombers, 
fighters and interceptor-pursuit ships are being 
Rex-Weld equipped. 


REX-WELD’s war service is not confined to the 
planes themselves. In the steel mills and muni- 
tion factories, on the production and assembly 
lines, everywhere that war-worthy flexible con- 
nections are needed, REX-WELD is rendering 
vital service. 


There are specific reasons for this. REx-WELD 
is a specially constructed flexible metal tubing. 
It is fabricated from strip metal by a precision 
autogenous welding process that produces uni- 
form, stronger wall structure plus extreme flexi- 
ewes bility. REx-WELD stands 


SOOOCOOOL Ba 










» . . 
" HH .» up under high pres- 
AUS RRR 2 









sures, high and low tem- 
peratures, extreme con- 
traction and expansion. 
It is seep-proof to gas, 
water, oil, air and 
searching fluids. 


Type RW-81 
(annular corrugations) 





Type RW-91 
(helical corrugations) 


Available in continuous lengths to 50 ft. Both 
Steel and Bronze. 3/16” I. D. to 4” I. D. ine. 
Pressures to 14,500 p. s. i. Temperatures to 1000° F, 





ww =EorRREX-WELD 





CHICAGO METAL HOSE CORPORATION 


Write for Engineering Recommendations 


General Offices: MAYWOOD, ILLINOIS 
Factories: Maywood and Elgin, Illinois 
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Aspects of Plywood 


(Concluded from Page 119) 


tive magnitudes of the net horizontal and vertical forces 
acting on the gusset. 

In general, it can be stated that the plywood gusset 
should be 50-50 construction of not less than three plies, 
For ease in gluing, the density of the outer plies of the 


| | gusset and the density of the cap-strip and diagonal m. 
| terial should be approximately the same. 


If the greatest strength is desired in the vertical direc. 


| tion and the glue area between the gusset and cap-strip js 
| critical, the plywood face-grain direction should be mp 


parallel to the rib cap-strip, assuming 50-50 construction 
is being used. If the greatest strength is desired in hori- 
zontal shear, such as when the horizontal forces in the 
diagonals are additive, the plywood gusset should be laid 
so that its face grain makes an angle of 45 degrees with 
the cap-strip. A further point to be noted in the latter 
case is that the plywood face grain should run in the 
general direction of the tension load, Fig. 6. 


STRESS CONCENTRATIONS: The proportional limit of wood 
in tension is very near its ultimate strength. This, com- 
bined with the weakness of wood in shear and cleavage 
makes it essential that abrupt changes in section, re-en- 


_ trant cuts, odd-shaped lightening holes, and the like be 


avoided wherever possible. Unfortunately, stress con- 
centrations in wood cannot relieve themselves by plastic 
yielding as do metals. 

Reinforcing blocks should be tapered in thickness or 
in width or both, so that they will pick up stress as 
uniformly as possible. When fish-mouthed filler blocks 
are used in box-spars for stress transfer, the taper ratio 
of the fishmouth should be determined by the ratio of 
the maximum tension stress existing in the adjacent flange 
of the horizontal shear strength of the filler block, Fig. 4. 


REPLACING SOLID GLUE BLOCKs wiTH PLywoop ANGLES: 
A few tests which have been made indicate that plywood 
angles (bent up from 45 degrees plywood) will car 
safely 250 pounds per square inch in shear. Since their 
weight is only one-third to one-half that of an equivalent 
solid glue block, some weight saving can be realized. 


REDUCTION IN Fittincs: A staggered bolt pattern which 
will give a smaller and more etticient fitting can be used 
if suitable plywood plates are glued to the taces of the 
bolted members. The weight of a wood airplane is great- 
ly increased by the use of extra material required neat 
fittings; consequently these should be held to a practical 
minimum in any design. 

The somewhat poor reputation that wood aircraft struc- 
tures have acquired in the past year in static tests cat 
be attributed to a lack of knowledge of plywood strength 
and elastic properties, as well as to poor detail design 
practices. It should be remembered, however, that both 
of these items will be overcome as a background of de- 
sign information and experience is gained similar to that 
already available for metal structures. What constitutes 
poor detail design practice in any type of structure may” 
not be realized until after a costly static-test failure 
service failure is encountered. Such failures provide the 
foundation for more efficient designs in the future. 
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ABUNDANT REPLACEMENT FOR CRITICAL MATERIALS 


Left: Raw PRESTITE switch plate for com- 
munications equipment. Right: After firing. 
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ceramic-can be molded to 


ess or 
28S as PRESTITE parts ranging from simple, tiny 
blocks bushings to large complicated shapes (up to 
- ratio 120 square inches, projected area) are being 


tio of mass-produced to a Westinghouse-guaranteed 
Hange tolerance of 142% or Iess. In some cases, 
‘ig. 4. tolerances of 1% are being attained. Where 
CLES: extremely close fit or precision is required, 
rwood close-tolerance molding of PRESTITE parts 
carry can be supplemented by machining before, or 
their grinding after, firing. 
alent As a result, product designers are turning to 
lized. PRESTITE as a replacement material for 
vhich parts requiring a degree of precision not com- 
used monly associated with ceramics. PRESTITE 
; the also offers other basic benefits, For example: 
reat it rivals alloy steel in compressive strength... 
near is as light as aluminum...isn’t fazed by heat 
tical up to 800° C...is impervious to moisture 
and chemicals except hydrofluoric acid. 
truc- 


: Westin 


th 
¥ PLANTS IN 25 CITIES. 











CORED.. 


The Pressure-molded ceramic that can be... 
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WORKED... 


Despite volumetric change of 30%,a tolerance 


pot detail. 





z, TSE 


PR =n Es the new pressure-molded 


CLOSE TOLERANCES 


It is easily worked...can be cored for in- 
tricate internal cavities—and mass-produced. 

It is replacing other materials—in many 
cases, permanently—for high-speed pump 
valve seats, sand blast nozzles, bus supports, 
brackets and many other products. Where 
parts are subjected to arcing, as in ignition 
distributors and cable sleeves, non-carbonizing 
PRESTITE provides a superior replacement 
for organic materials. 

If these qualities and applications suggest 
a possible answer to your product-problem, 
we'll be glad to help you solve it. 

* * 

GET THE FACTS ABOUT PRESTITE. New PRESTITE Book 
shows applications in many fields ... presents technical 
working data for designers...design suggestions and 
limitations... charts and test results. Write today, for 
B-3121, “Facts about PRESTITE”. Westinghouse 


Electric & Mfg. Co., East Pittsburgh, Pa., Dept. 7-N. 
J-05141 


OFFICES EVERYWHERE 


nghouse PRES TITE 





JOINED TO METAL. 









“hot more than 14% is guaranteed. Note 


. designed with METAL INSERTS 








DETROIT BEVEL GEAR COMPANY 


8130 JOS. CAMPAU AVE. 
DETROIT, MICH. 


Makers of Zuality Gears for 30 Years 





IT ASSURES 
VIBRATION-PROOF CONNECTIONS 


AFTER 


BEFORE 


ocking se 


ELIMINATES AXIAL PLAY 
The Boots Self-Locking Nut 
is one piece, all-metal—with- 
stands severest vibration. The 
top section is displaced down- 
ward . . . locking threads are 
out of lead with load carrying 
threads of lower section. 

Upon inserting bolt, top 
section of nut is extended to 
engage with threads of bolt. 
Constant force is thus estab- 
lished which locks nut into 
position. Axial thread play is 
eliminated. 


g°g 





OTHER ADVANTAGES: 


. Because Boots Nuts are all 


metal, they are not affected 
by the corrosive action of 
oil, chemicals or water. 


. They have greater re- 


usability in maintenance 
than other nuts. 


. They resist high tempera- 


tures. 


. They meet the specifica- 


tions of government avia- 
tion agencies in an industry 
where loose fastenings 
to) 
could not be tolerated. 


There's a BOOTS NUT for every application 






Meter tees 
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BOOTS AIRCRAFT NUT CORPORATION 
-__ GENERAL OFFICES, NEW CANAAN, CONNECTICUT - 


| 
| 


BUSINESS AND 


SALES BRIEFs| 


retary and treasurer of Star Electric Motor Co. and its 
affiliate the Star Equipment Corp., a new executive staff has 
been appointed. Elvin E. Hollander was made first vice presi- 
dent of both concerns, Ivor C. Peterson vice president in charge 
of sales, and R. J. Gash secretary and treasurer. 
. 


| 
D UE to the death of Carl M. Peterson, who had been sec 
| 


Meehanite Metal Corp., New Rochelle, N. Y., has announced 
| that the John Hastie & Co. Ltd., Greenock, England, is now 
| producing Meehanite castings, chiefly for hydraulic steering 

gears. 
+ 


Succeeding his brother, Maurice C. Bachner, who becomes 
board chairman, Edward F. Bachner has been elected presi- 
dent of Chicago Molded Products Co. 
the position of general manager. 

¢ 


He formerly occupied 


Award of the John Price Wetherill medal to Robert H 
Leach, vice president, Handy & Harmar, Bridgeport, Conn., 
has been made by the Franklin Institute. 

+ 


Formerly sales manager, William R. Waddell has been 
made manager of the service division of Federal-Mogul Co. 
Don Switzer, who had been assistant sales manager, has been 
named sales manager. 


° 


Herbert M. Rich Jr. has been appointed district manager in 
New York for the Electro Metallurgical Co., a unit of Union 
Carbide & Carbon Corp. 


SJ 


Palmer-Shile Co., Detroit, has been placed in general charge 
of all sales of Briggs & Stratton Air-Saver air valves. The 
equipment will continue to be manufactured and marketed as 
a Briggs product. 

7 


Appointment of William W. Klemme as district manager of 
industrial sales in Dallas, Texas, has been made by Chain 
Belt Co. 


. 


Associated with Dow Chemical Co. for the last twenty yeals, 
D. L. Gibb has been appointed manager of the plastic sales 
division. 

° 

C. W. Higbee, manager of wire sales for United States Rub- 
ber Co., New York, has also been made manager of the wire 
and cable department. The new manager for aeronautical 
wires and cables is E. S$. McConnell. 


* 


To speed the production of special type radio equipment 
for the Army, Westinghouse Electric & Mfg. company’s radio 
division has announced the opening of a new four-acre black- 
out plant on the east coast. 

* 


Formerly head of Elastic Stop Nut Corp. of America, E. A. 
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HERES 
INCREASED 
WAR PRODUCTION 





Ships: Experienced Lyon Engineers are working daily 


Aircraft: Lyon Aircraft Division is fabricating aluminum 


~ steel parts and subassemblies for aircraft being de- with architects and shipbuilders on prefabricated parts 

ivered by prime contractors to both the Army and Navy. and furniture. 

owned a Forty-three years’ experience in fabrica- Know How: Lyon war contract experience dates from 
g steel—nearly three years on special war products. July, 1940. Every inquiry is given “specialist’’ handling. 


Experienced development, design and engineering 
staffs. Complete toolrooms in all plants. Send for this 
new book, “Craftsmen in War Production.” Describes 
facilities for aluminum and steel production. 


Sheet Metal Stampings: Facilities for handling a wide 
range of gauges, sizes and drawing operations including 
annealing. Experience on conversion of castings and 
forgings to sheet metal. 


LYON METAL PRODUCTS, INCORPORATED 


General Offices: 8107 Madison Avenue, Aurora, Illinois 
Sales and District Offices Manned by Experienced Engineers in All Principal Cities 


LYON METAL PRODUCTS, INCORPORATED 
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BRADY - PENROD 
Centrifugal 


Swanstrom has been appointed president and general Manage, 
of the newly formed Penn Engineering & Mfg. Corp Doyles 
g % 








COOLANT PUMPS 


AS HIGH AS 70% HYDRAULIC EFFICIENCY 


Keep machines going - production 
high, use BRADY-PENROD Coolant 
and Circulatory Pumps, motor driven. 

We will design special pumps to 
meet your requirements or special 
mounting brackets that will fit our 
pumps to your machine. Equal effi- 
ciency maintained pumping water or 
light oil. Five models available with 
separate rating established at 400 SSU; 
750 SSU ; 1250 SSU; 2000 SSU. 


Y% H.P. Motor Replaces % H.P. through 
superior pump design. All motors have 20% 
surplus power. 


CAPACITIES: '% to 2” pipe; 4 to 100 gallons 
per minute. Special models for larger capaci- 
ties. Pressure up to 100 feet head. 










SEND FOR FREE BULLETIN 


BRADY - PENROD, INC. 


1216 W. SECOND ST, MUNCIE, INDIANA. 


WHAT IS THE 


Gih 


DIMENSION 
in Springs 


? 


— those hard-to-dig-out 
factors which insure our 
giving you...not merely 


the spring you ordered 
... but the PERFORMANCE 
you WANT. 


& BY, 
Si 


>) 


t°°"" 9 
Prine 


LEE SPRING CO., INC. 


30 MAIN ST., BROOKLYN, N. Y 


Ask About SCIE SF CH Spring Service 
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town, Pa., organized to manufacture self-locking nuts and air. 

craft fittings. B. C. Sandemar is vice president and chief 

engineer of the new organization. , 
¢ 


Recenty associated with Thomas Mason Co.. George W. p 
Bell has opened offices in the Gurley building, Stam‘: 
Conn., where he will practice as a plastics consultant. 

a 


Removal of its stock products sales office from New York 
city to the plant at Buffalo has been made by J. H. Willian 
& Co., manufacturer of drop forgings. A local sales Office 
will be maintained, however, in New York to serve the metp. 
politan area. 

+ 

An addition is being made to the plant of Moore Drop For. 
ing Co., Springfield, Mass., for the manufacture of aircraf 
parts. 

+ 

With headquarters at 163 Linden avenue, Oak Park, Ill, 
L. A. Shea will act as district manager for the Chicago teri- 
tory of Henry L. Crowley & Co. He previously was associat. 
ed with Moraine Products division of General Motors Corp. 


2 


Opening of a plant in Burbank, Calif., has been announced 
by Aircraft Accessories Corp. This is plant No. 3 and is under 
the supervision of W. A. Ashton. 

} 


Max Pischke has assumed the duties of manager, with the 
title of acting district manager, of Allegheny Ludlum Steel 
Corporation’s Pittsburgh district sales office. He replaces Rob- 
ert H. Gibb who has accepted a commission in the United 
States Navy. 

. 

Greene, Tweed & Co., New York, manufacturers of packings, 
ouplings, etc., has announced the appointments of J. J. Mc- 
Intosh as southeastern sales representative and B. F. Coombs 
as Texas sales representative. 

. 


In the state of Michigan, American Equipment Co., 59% 
Second boulevard, Detroit, will act as representative for the 
American Engineering Co., Philadelphia, in the sale of its 
Hele-Shaw pumps. 

+ 

After thirty years’ service with Carpenter Steel Co., Read: 
ing, Pa., Richard Calvert has retired as sales representative 
eastern and central Pennsylvania. Avard Taylor will continue 
for the company in this territory. 


+ 
Succeeding Gordon F. Hess, E. E. Haubegger has been 
appointed district sales manager for Republic Steel Corp. ™ 
Houston, Tex. Mr. Hess was recently made district sales 
manager for Republic in Detroit. 


« 


Previously sales engineer for the Bohn Aluminum and Brass 
Corp. and the Dow Chemical Co., G. C. Brown has been ap 
pointed Detroit engineering representative of the Aircralt 
Screw Products Co. Inc. 

* 

To accommodate its increased activities, Shafer Bears 
Corp., Chicago, has purchased a three-story building at 1412 
West Washington boulevard. 

¢ 


Cortrolling interest in the stock of Electroweld Steel Corp» 
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| is under 
Passenger car gear box equipped with In changing from conventional to ELLIP- 
conventional gears weighed 150 pounds TOID tooth form, the torque capacity of 
with the for a torque of 300 foot pounds. Using a truck transmission was increased 200 
1m Steel the ELLIPTOID tooth form, this unit was per cent without adding a pound to its 
ces Rob- reduced in weight to 76 pounds for the weight. 
e United same torque capacity. 
yackings, ~~ see 
. J. Me- NO. 3 NO. 4 — 
Coombs 
A truck manufacturer who changed his Gear tooth shaving in the ELLIPTOID 
conventional transmission gearing to form has made it possible for a speed re- 
»., 5028 ELLIPTOID gearing discovered he had ducer manufacturer to materially reduce 
for the added 300 per cent to the service life of both the cost and size of his product for 
> of its his product. any given rating. 
, Read- 
ative in NO. 5 oN 
‘ontinue 
Another manufacturer of heavy equip- 
ment, having difficulty with tooth break- 
s been Red Ring Shaving age, substituted the ELLIPTOID tooth 
orp. ii machine develops form for the conventional form. Result— 
es the Elliptoid tooth three times the service life. 
t sales while shaving 
and at no extra 
cost. 
1 Brass 
en ap- 
\ircraft 
NATIONAL BROACH 
i AND MACHINE CO. 
+ 1412 oe RED RING PRODUCTS 
ORIGINATORS OF ROTARY SHAVING 9600 ST. JEAN: DETROIT. MICH. 
con AND ELLIPTOID TOOTH FORMS 
OID. 
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every P.A.’S 


“THE LITTLE 
HAND BOOK’”’ 


It tells what the buyer of 
stampings should know of 
common trade. practices 
involved in the pressed 
metal industry, and also 
a few pertinent tables of 
blank sizes and gauges 
commonly used in circular 
products such as heads 
and shapes. “The Little 
Hand Book” should be in 


and Designer's File. 


“The Little Hand Book” will soon be in the mail 
for those on our lists, but to be sure of a copy 


drop us a line. 


THE COMMERCIAL SHEARING 
AND STAMPING COMPANY. 


YOUNGSTOWN 


MASTERDRIVES 


NOW AVAILABLE TO 45Q 
SPECIFICATIONS 


Engineered for practically any machine tool. . . 
and guaranteed as complete units. 


OHIO 


. 5. A 


INCREASE PRODUCTION. 
Masterdrive efficiency helps you 
produce more, faster. 


ELIMINATE LINESHAFTING. . . 
Masterdrives free your tools of 
lineshaft hazards and _limita- 
tions, yet retain flexibility of 
belted units. 


REDUCE MAINTENANCE. 
Masterdrives are powered by 
famous Master gear head mo- 
tors, proved dependable by the 
3 million now in service. And 
each Masterdrive is complete 
- + .motor and drive in a sin- 
gle unit. 


One responsibility—MASTER. 


Oil City, Pa., was recently purchased by the Talon Inc., Meg 
ville, Pa. 


¢ 


Succeeding L. M. Hogan, resigned, I. H. Anderson has bey 
named district manager of sales for the Steel and Tubes dij. 
sion, Republic Steel Corp., New York. 


¢ 


J. A. Ireland, division sales manager, has been made » 
sistant general manager of sales of the Steel and Hubes diy. 
sion, Republic Steel Corp., Cleveland. 


S 


Stackpole Carbon Co., St. Marys, Penna., has appointed 
Henry Dressel as its supervisor of electronic components ey 
gineering. Mr. Dressel has been a member of the com 
pany’s engineering staff for several years. 


¢ 


Formerly general manager of Taylor-Winfield Corp., Johm 
D. Gordon has announced the formation of Detroit Electroni¢ 
Laboratory with headquarters at 10345 Linwood avenue, De 
troit. The new company, of which Mr. Gordon is gener 
manager, is concentrating on the development and manufactur 
of special purpose electronic tubes. 


+ 


Quadrupling of its production of Plexiglas sheets for bomber 
noses, gun turrets, astro domes, and other transparent plane 
enclosures will result from the opening of a new plastics plant 
by Rohm & Haas Co., Philadelphia. The new plant is located 
in Knoxville, Tenn. 


7 


For the past five years chief engineer and director of sales 
of Universal Gear Corp., J. Y. Dahlstrand has been named 
vice president of the organization. 


MEETINGS AND 
EXPOSITIONS 


June 28-July 2— 

American Society for Testing Materials. Annual meeting to be held 
at the William Penn hotel, Pittsburgh. R. E. Hess, 260 South Bend 
street, Philadelphia, is assistant secretary. 


Set. 23-24— 

Society of Automotive Engineers Inc. National tractor meeting to be 
held at the Schroeder hotel, Milwaukee. John A. C. Warner, 29 Wet 
Thirty-ninth street, New York, is secretary and general manager. 


Sept. 28-30— 

Association of Iron and Steel Engineers. Annual convention to 
held at Hotel William Penn, Pittsburgh. Brent Wiley, Empire buildias, 
Pittsburgh, is managing director. 


Sept. 30-Oct. 2— 

Society of Automotive Engineers Inc. National aircraft engineeritt 
and production meeting to be held at the Biltmore hotel, Los Angeles. 
John A. C. Warner, 29 West Thirty-ninth street, New York, is sect 
tary and general manager. 


Oct. 18-23— 

American Welding Society. Twenty-fourth annual meeting to be held 
at Hotel Morrison, Chicago. M. M. Kelly, 33 West Thirty-ninth street, 
New York, is secretary. 
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